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PREFACE. 


T 7s cheats as neceſſary to write 


WWhet : And this being maim'd enough 


for want of a Dedication, I am reſols 4 
it ſhall not want an Epiſtle to the 
Reader too. I ſhall not take upon me to 
determine, whether it is lawful to play 


at Dice or not, leaving that to be dis 


puted betwixt the Fanatick Parſons and 
the Sharpers; 1 am ſure it is lawful to 
deal with Dice as with other Epidemic 


Diſtempers; and Jam confident that the 
Writing 4 fx about it, will contribute as 
little towards its Encouragement, as Flux- 


ing and Preeipitates ao to Whoring. 
4 rot 


42 Preface before a Book, as it 
, judg d civil, when you invite 
EA 4a Friend to Dinner, to proffer 


bow 4 Glaſs of Hock beforehand for a 


avi * 


7. 5 18 to little . to 2 my 


Reader, of how great Antiquity the May- 


ing at Dice is. I will only let him know, 
that by the Kier Ludus, the Antients com- 


rehended all Games, which were ſubjec- 
ted to the determination of mere Chance; 
this fort of Gaming was ſtrittly 4p” by 
the Emperor Juſtinian, Cod. Lib. Kit. 
43. under very ſevere Penalties ; joe Pho- 


cius Nomocan. Tit. 9. Cap. 27. acquainis 


ug, that the Uſe of this was altogether 


degied the Clergy of that time. Seneca 
ſays very well, Alcator quanto in arte eſt | 


melior, tanto eſt nequior; That by how 


much the one is more Skilful in Games, by 
o much he is the more culpable ; ; or We 


may ſay of this, as an ingenious Man ſays 
, Dancing, That to be extraordinary good 
at it, is to be excellant in a Fault; there- 
fore I hope no body will imagine I had fo 
mean a Deſign in this, as to teach the _ 


| 26 Paying at Dice. 


A preat part of this Diſcourſe is a 
Tranſlation from Monſ. Huygen's Treatiſe, 
De ratiocintis in ludo Alem; one, who in 


his Improvements of Philoſophy, has but 


one Superior, and I think few or no E- 
guals. The whole I undertook for my own 


Divertiſement, next to the 8 atisfattion of 


oy 


* ON” acti De En r n — 


— wr NT Rp - 


PREFACE » 


© ſome Friends, who would Now and then 


be wrangling about the Proportions of 
Hazards in ſome Caſes that are here de- 


cided. All it requird was a few ſpare 


Hours, and but little Work for the Brain; 
my Deſign in publiſhing it, was to make 
it of more general Uſe, and perhaps per- 


uad a raw Squire, by it, to keep his Mo- 


ney in his Pocket ; and if, upon this at- 
count, I ſhould incur the Clamours of the 
Sharpers, I do not much regard it, ſince 
they are a ſort of People the World is not 
bound to provide for. N 


I. will find here a very plain and 64% 


Method of the Calculation of the Hazards 
of Game, which a man may underſtand,withs 
out knowing the Quadratures of Curves, 
the Doctrine of Serics's, or the Laws 
of Concentripetation of Bodies, or the 
Periods of the Satellites of Jupiter ; yea, 


without ſo much as the Elements of Eu- 
clid. There is nothing required for the 
comprehending the whole, but common Senſe 
and practical Arithmetick; ſaving a few 


Touches of Algebra, as in the firſt Three 


Propoſitions, where the Reader, without 
ſuſpicion of Popery, may make uſe of a 


ftrong implicit Faith; th I muſt confeſs, 
it does not much recommend it ſelf to me 
in theſe Purpoſes; for I had rather he 
WW. OS would 


= FREFAGCGE 


Would enquire, and I believe he will fond 
the Speculation not eee | 


| Every mans Sutceſs in any Aﬀair is 
proportional to his Conduct and Fortune. 


Fortune (in the ſenſe of moſt People) ſio- 


nifies an Event which depends on Chance, 
agreemg with my Wiſh; and Misfor- 
tune ſienifies ſuch an one, whoſe imme- 
arate Cauſes I don't know, and conſequently 
can neither foretel nor produce it (for it is 

no Hereſy to believe, that Providence ſuf= 
Fers ordinary matters to run in the Chan- 


nel of ſecond Cauſes). Now I ſuppoſe, 


that all a wiſe Man can do in ſuch a Caſe 
is, to lay his Buſineſs on ſuch Events, as 


have the moſ? powerful ſecond Cauſes, and 


this is true both in the great Events of : 
the World, and in ordinary Games. It 


2s impoſſible for a Die, with ſuch deter- 


mind force and direction, not to fall on 


ſuch a determin'd ſide, only 1 don't know 


the force and direction which makes it 
fall on ſuch a determin d fide, and there- 
fore I call that Chance, which is no- 
thing but want of Art; that only which 
is left to me, is to wager where there 


are the greateſt number of Chances, and 


conſequently the greateſt probability to 
gain; and the whole Art of Gaming, 
where there is any thing of Hazard, will 

„„ — 


| | NEF a 
| he reduc'd to this at laſt, viz. in dubious 
* Caſes to calculate on which ſide there are 
> moſt Chances; and tho this can't be done 
in the midſt of Game preciſely to an Unit, 
yet a Man who knows the Principles, may 
make ſuch a conjecture, as will be a ſuf- 
ficient direction to him; and tho it is poſ- 
| y ſible, if there are any Chances againſt him 
oy at all, that he may loſe, yet when he chuſeth 
the ſafeſt fide, he may part with his Mo- 
ney with more content (if there can be any 
at all) in ſuch a Caſe. BO” 


. . 1 will not debate, whether one may en- 
enge another in a diſadvantageous Wager. 
Games may be ſuppos'd to be a iryal of 
Wit as well as Fortune, and every Man, 
when he enters the Liſts with another, 
*  wnleſs out of Complaiſance, takes it fa. | 
granted, his Fortune and Judgment, are, l 
at leaſt, equal to thoſe of his Play- Fellow; 
but this 1 am ſure of, that falſe Dice, 
| Tricks of Leger-de-main, &c. are inex- 
cuſable, for the queſtion in Gaming is not, 
ho is the beſt Fugler? 


\ Tobe Reader may here obſerve the Force 

% Numbers, which can be ſucceſsfully ap- 

| plied, even to thoſe things, which one 
would imagine are ſubject to no Rules. | 
There are very few things which we know, | 

* | 5 l 


vil PREFACE. 
P are not capable of being reduc'd to a 
Mathematical Reaſoning ; and when they 


cannot, it's a ſign our Knowledge of them 
is very ſinall and confus'd ; and where 4 


mathematical reaſoning can be had, it's as 


great folly to make uſe of any other, as 10 
grope for a thing in the dark, when you 


have a Candle ſtanding by you. I believe 
the Calculation of the Quantity of 4 
bability might be improved to a very uſe- 

ful and pleaſant Speculation, and applicd 


4% a great many Events which are acci- 


dental, beſides thoſe of Games; only theſe 


Caſes would be inſinitely more confus d, as 


depending on Chances 3 the moſt ac 
of Men are ignorant of ; and as 1 
hinted already, all the. Politics in the 


World, are nothing elſe but a kind of Ana- 


Iyſis of the Quantity of Probability in 
caſual Events, and a good Politician (6 g- 


nifies no more, but one who 1s dextrous at 


ſauchCalculations ; only the Principles which 


are made uſe of in the Selution of ſuch Pro- 
blems, can't be ſtudied in a Cloſet, but ac- 


quir'd * the Obſervation of Mankind. 


There is like iſe a Calculation of the 
Quantity of Probability founded on Ex- 
perience, to be made uſe of in Wagers a- 
bout 259 thing ; it is odds, . a Moman is 

| | with 


ave 


| PREFACE ts 
"|| © with-Child, 4ur it ſhall be a Boy; and if 
. ou would know the juſt odds, 748 mo 


$ Lonſider the Proportion in the ills that 
the Males bear to.the Females : The Yearly 
| Hills of Mortality are obſerv'd to bear ſuch 
K Proportion to the live People as 1 to 30, 
| or 26; therefore it is an even Wager, 
ä that ane out of thirteen, dies within a 
F Tear (which may be a good reaſon, tho 
| | not the true, af that fooliſh piece of Super- 
1 TFilition), becauſe, at this rate, if t out of 


26 dies, you are no loſer. It is but 1.10 

18 F you meet a Parſon in the Street, 

tha he proves to be a Non-Juror, becauſe 

there is but 1 of 36 that are ſuch. It is 

bargly 1.40 10; that a Woman of Twenty 
Tears old has her Maidenhead, and almoſt 

the ſame Mager, that a Town-Spark of 
that Age has not been clap'd. I thin a4 

Man might venture ſome odds, that 100 

the Gens d'arms beats an equal Number 
- % Dutch Troopers; and that an Engliſh 
0 Regiment flands its ground as long as ano- 
-ther, making Experience our Guide im all 
theſe Caſes and others of the like nature. 


But there are no caſual Events, which 

are ſo eaſily ſubjected to Numbers, as thoſe 

„% Games, and T believe, there the Specu- 
8 lation might be improved ſo far, as to bring 
 #n the Doctrine of the Setiess and Loga- 
i | „„ __ rithms. 


* 


fs 
[ 


richms. Since Gaming is become a Trade, 
I think it fit the Adventurers ſhould be 
upon the Square; and therefore in the Con- 
triuance of Games there ought to be a ſtrict 
Calculation made uſe of, that they mayn't 
put one Party in more probability to gain 
than another; and likewiſe, if a Man has 
a conſiderable Venture ; he ought to be al- 
low'd to withdraw his Money when he 


- . pleaſes, paying according to the Circum- 


ſtances he is then in: and it were eaſy m 
- moſt Games to make Tables, by Inſpettion 
F which, a Man might know what he 
was either to pay or receive, in any Cir- 
cumſtances you can imagin, it being conve- 
nient to ſave a part of one's Money, rather 

than venture the loſs of it all. | 


I ſball add no more, but that a Ma- 
. Fhematician will eaſily percerve, it is not 
put in ſuch a Dreſs as to be taken notice 
_ of by him, there being abundance of Words 
ſpent to make the more ordinary ſort of 
"Feopic underſtand if ||  ._ 


OR a fake of thoſe who are not 
vers d in Mathematicks, I have added 
the following Explanation of Signs. 


== == Equal. 

+ More, or to be added. 
 — Leſs, or to be ſubtracted, - 

x Multiplied. 

— Divided. 


nc na ng. 5 


EXAMPLE: 


3 X4+ == 134 =þ is to bs 


3 multiplied in Pa more ty 3, leſs by 1, 


E to 14, which is 9 to five 
parts of 9, | 
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hi Exact 


M E T H Oo D 


For SOLVING the 


Hazards of GA ME. 


* 72 LTH O' the Events of Games, 
fo which Fortune ſolely governs, are 
E uncertain, yet it may be certainly 


more ready to loſe than gain. For Example: 


If one ſhould wager, at the firſt throw with 


one Die, to throw fix, it's an accident if he 
gains or not ; but by ho much it's more 
probable he will loſe than gain, is really de- 
termin'd by the Nature of the thing, and 


capable of a ſtrict Calculation. So likewiſe 


if I ſhould play with another on this con- 


dition, that the Victory ſhould be to tlie 


dern firſt _ and I had gain'd one al- 


"M ready, 


: 
> 5 a * — 
— e eee PR a actos, —---- 8 "In 


determin d. how much one is 


* * 
e 
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ready, it is ſtill uncertain who ſhall gain 
the third; yet by a demonſtrative Reaſon- 
ing, I can eſtimate both the Value of his 
Expectation and mine, and conſequently (if 
wie agree to leave tl. e Game imperfect) deter- 
mine how great a ſhare of the Stakes belon 

to me, and how much to my Play-fellow ; 
or if any were defirous to take my place, 

at what rate I ought to ſell it. Hence may - 
ariſe innumerable Queri 1es among two, three, 
br more Gameſters : and ſince the Calchla- 


tion of theſe things is a little out of the 


common Road, and can be oft- times apply'd 
to good purpoſe, I ſhall briefly here thew 
how it is to be done, and afterwards ex- 
plain thoſe things which belong pr operly to 
the Dice. : 
In both Caſes I ſhall make uſe of 8 . 
Principle, One's Hazard or Exfectation to 
gain any thing, is worth ſo much, as, if he 
had it, he could purchaſe the like Hazard or 
Expectation again in a juſt and equal Game. 
For Example, if one, without my Know- 
ledge, ſhould hide in one hand 7 Shillipgs, 
and in his other 3 Shillings, and put it to 
my choice which Hand I would take, I ſay 
this is as much worth to me, as if he ſhould 
give me 5 Shillings becaule, i 1 have © 
Shillings, I can purchaſe as good a Chance 
again, and that! in a fair and juſt Game. 


PRo- 


HazanDs of Game. 


ir 1 


i I ex pect a or b, either of which, wh 


equal } orobability, may fait. to me, then my 


Expectation is worth + „ that is, the 


| half Sum of a and b. 


\HAT I may not only demonſtrate, 
| but likewiſe inveſtigate this Rule, 
dot the Value of my Expectation be x; 
by the former Principle having x, I can 
purchaſe as good an Expectation again in a 
fair and juſt Game. Suppoſe then I play 
with another on theſe terms, That every 


one ftakes x, and the Gainer give to the 


Loſer a, this Game is juſt, and it appears, 
that at this rate, I have an equal hazard 


either to get à if I loſe the Ga me, or 2X4. 
if I gain; for in this caſe I get 2x, which 


are the Stakes, out of Which J muſt pay 
the other 4; but if 2x — 4 were worth 6, 


then I have an equal hazard to get @ or 5; 


| . b 
therefore making 2x - az=b, x = XL 


which is the Value of my Expectation, 
1 Demonſtration is eaſy; for having 
2 5 


= 28 againſt it, on this condition, 
that che Gainer ſhould give to the Loſer a; 
2 CG by 


, I can play with another who will 


© . * S rer 8 


4 Solution. of the 
by this means I have an equal Expectation 
to get a if I loſe, or þ if I win; for in the 
laſt caſe I get 4+ 6b the Stakes, out of 
which I muſt pay @ to my Play-fellow. 
In Numbers: if I had an equal hazard 
to get 3 or 7, then by this Propoſition, 
my Expectation is worth 5, and it is cer- 
tain, having 5, I may have the ſame Chance; 
for if I play with another, ſo that every 
one ſtakes 5, and the Gainer pay to the 
Loſer 3, this is a fair way of gaming; and 
it is evident I have an equal hazard to get 
rie 


Por. II. 


If I expett a, b, or c, either of which, with 
* equal facility, may happen, then the Value 
of my Expectation is . , or the 


third part of the Sum of a, b, and c. 


| OR the Inveſtigation of which, ſup. 
poſe x be the value of my Expecta- 

tion; then x muſt be ſuch, as I can pur- 
_ chaſe with it the ſame Expectation in a 
juſt Game: Suppoſe the Conditions of the 
Game be, that playing with two others, 
each of us ſtakes æ, and I bargain with one 
of the Gameſters, if I win, to give him 6, 
and he ſhall do the fame to me; but = 


-— 


Mina of Game. 1 


the other, that if I gain, I ſhall give him c, 


and vice versd ; this is fair play: And here 
J have an equal hazard to get 6, if the firſt 


win, c if the ſecond, or 2 if J 


gain myſelf; for chen I get 3x, viz. the 
Stakes, of which I give the one 5 and the 


other c; but if 3x — 5 — 4 be equal to 


a, I have an equal Expectation of a, 6, 


or c; therefore making 3x — b — c a, 


==: . 8 which is the Value of my 


| 3 
_—_ tion. After the ſame Method you 


will find, if I had an equal hazard to get 
a, b, c, or 4, the Value of my Expectation 


| I! 
Sum of a,b, c, and d, K 


PROP, 


„; that is the fourth part of the 


: 
— ¶ en ap. — ——ů eee 
— — 
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a - Solution 2 5 


PRO. Ul. 


| Ft * number of Chances, by hel a fall to 

mne, be p, and the number of Chances, by 

 aohich b falls, be q, and hn ng all the 
Chances de happen with equal facility, then 


the Value of my Expectation i 70 — 2, 38. 


| the Produdt of a multiplied in the number 
of its Chances added to the Praduct of b, 
multiplied into the number of its Chances, 
and the Sum divided by the number of 
_ Chances both of a and b. 8 5 


Uppoſe, as bells x be hs Valve of 
G my Expectation ; then if I have x, I 
" muſt be able to purchaſe with it that fame 
F Expectation again in a fair Game: For 
this I ſhall take as many Play-fellows as, 
with me, make up the number of p +9, 
of which let every one ſtake x, ſo the 
whole Stake will be px ＋ gx, and every 
one plays with equal hopes of winning; 
with as many of my Fellow-Gameſters as 
the Number q ſtands for, I make this bar- 
gain one by one, that whoever of them 
gains ſhall give me 6b, and if I win, I ſhall 
do ſo to them; with every one of the reſt — 
of the Gameſters, whoſe Number is p—1, . 
I make this bargain, that whoever of them 
gains, 


7 


HAZ AR DS of Game. 7 


L gains, ſhall give me 4, and I ſhall give 
every one of them as much, if I gain: 
It's evident this is fair play; for no Man 


here is injur'd; and in this caſe I have 


g Expectations to gain b, and p— 1 Ex- 


pectations to gain a, and 1 Expectation 


5 (viz, when I win myſelf) to get px + gs - 
— % —ap +84; for then I am to deliver 


þ to every one of the g Players, and à to 


_ every one of the p—1 Gameſters, which 


makes gb + pa — @ ; if therefore gx ＋ bx 


 —bg— aþ + @ were equal to a, I would 
have p Expectations of a (fince juſt now I had 


þ— 1 Expectations of it) and q Expecta- 


tions of &, and ſo would have juſt come to 


my firſt ExpeQation ; therefore putting 


Px gx— bg —ap+a=a, then is x== 
. ä | 


2 +2 | 3 „ 
In Numbers: If I. had 3 Chances to gain 


for 13, and 2 for 8, by this Rule, my ha- 
zard is worth 11; for 13 multiplied by 3 
gives 39, and 8 by 2 16, theſe two added, 


make 55, divided by 5 is 11; and I can 


eafily ſhew, if I have 11, I can come to 


the like Expectation again; for playing 


with four others, and every one of us 


ſtaking 11, with two of them I make this 


bargain, that whoever gains ſhall give me 
8, and I ſhall too do ſo to them; with the 
other two I make this bargain, that who= _ 

3 „5 ne. 


3® Sen If Ss 


ever gains ſhall give me 13, and I them as 
much if I gain: it appears, by this means 


J have two Expectations to get 8, vis. 
jf any of the firſt two gain, and 3 Expec- 
tations to get 13, v22. if either I or any 


of the other two gain; for in this caſe 1 


gain the Stakes, which are 55, out of 
which I am oblig'd to give the firft two 8, 


and the other two 13, and ſo there re. 


mains 13 for myſelf. 


PRO P. IV. 


That I may come to the Dueftion proper d; | 


viz. The making a juſt Diſtribution a- 
mong jt Gameſters, when their Hazards 


are unegual ; we my begin _— the moſt 
50 8 : | 


Duppoſe then I play with another, on 


firit Games ſhall have the Stakes, and that 


I have already gain'd two, I would know 
if we agree to break off the Game, and 


part the Stakes juſtly, how much falls to 


my mare? 
JI be firſt thing we muſt conſider in "4 
Queſtions is the number of Games that 


are wanting to both : For Example, if it 
had been agreed betwixt us, that he ſhould 


| have the Stakes who gain'd the firſt 20 


Games, 
A 


condition that he who wins the Heat 


| HazarDs of Game. 9 
Games, and if I had gain'd already 19, 
and my Fellow-Gameſter but 18, my ha- 

zard is as much better than his in that caſe, 
as in this propoſed, vig. When of 3 Games 
I have a, and he but one, becauſe in both 
caſes there's 2 wanting to him, and 1 to 
WW 
Ihn the next place, to find the portion of 
the Stakes due to each of us, we muſt 
conſider what would happen if the Game 
went on; it is certain, if I gain the firſt 
Game, I get the Stake, which I call 2; 
but if he gain'd, both our Lots would be 
equal, and fo there would fall to each of 
us £4 ; but ſince I have an equal hazard 
to gain or loſe the firſt Game, I have an 
equal Expectation to gain a, or za, which, 
by the firſt Propoſition, is as much worth as 
the half Sum of both, z. e. +2, ſo there is 
left to my Fellow-Gameſter 24; from 
whence it follows, that he who would buy 
my Game, ought to pay me for it 4a; and 
therefore, he who undertakes to gain one 
| - Game before another gains two, may wager 
3 fol. 5 | | | 
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PRO Pp. V. 
Suppoſe I want but one Game, and my Fellows 
Gameſter three, it is required to make a 


uf Diftribution 97 the * 5 


ET us here likewiſe conſider in what 
ſtate we ſhould be, if I or he gain'd 
the firſt Game ; if I gain, I have the Stake 
4, if he, then he wants yet 2 Games, and 
1 but 1, and therefore we ſhould be in the 
fame Condition which is ſuppoſed in the 
former Propoſition; and fo there would fall 
.o my Share, as was demonſtrated there, 
"Bs 3 therefore with equal facility there ma 
happen to me @, or Ja, which, by the fi 
Propoſition, is worth 4a, and to my Fel- 
low-Gameſter there is ſelt va, and there- 
fore my hazard to his is as 7 to 1. 
As the Calculation of the former Propo- 
fition was requiſite for this, ſo this will 
ſerve for the following. If I ſhould ſup* 
poſe myſelf to want but one Game, an 
my Fellow four, (by the fame Method) 
you will find 15. of the Stake _ to 
me, and e to him. 


4255 


PRO. 


PR O p. VI. 
Suppoſe I want two Games, and my Fellows 
 Gameſter three. 


HEN by the next Get it will * 
. pen that I want but one, and 
three, which (by the preceding Propoſition) 
is worth za; or that we ſhould both want 


two, whence there will be 44; due to each 


of us: now I being in an equal probability 
to gain or loſe the next Game, I have an 
equal hazard to gain J or za, which b: 
the firſt Propoſition is worth g; and 
there are eleven parts of the Stakes due to 
me, and hive to Wy F cllow, 


Co ey 


Let 15 ſuppoſe. I want two om and my - 


F lle four, 


| -F J gain the next Game, then I hall | 
want but one, and my Fellow four; 


but if I loſe it, then I ſhall want two, and 
he three : So I have an equal hazard for 
gaining +54, or T, which, by the firſt, 
is worth + H 2.2 : So it appears, that he who is 
to gain two Games tor the other's four, 1s 


in a better condition than he who is to 


(23 I Sain 


| 
| 
| 
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gain one for the other's two; for my ſhare 
in the Kaen is 22 or g, which is leſs 


$82 3 16, my ſhare in the laſt. 


Prov. VIII. 
Let us ſuppoſe three Gameſters, whereof the 


1 t and JN want 1 Gly, but the 
third 2, 


O find the ſhare of the firſt, we moſt 
confider what would happen if ei- 
ther he, or any of the other two gain'd the 


firſt Game; ; if he gains, then he has the 
Stake a 3 if the ſecond gain, he has nothing; 
but if the third gain, then each of them 


would want a Game, and fo 34 would be 
due to every one of them. Thus the firſt 
Gameſter has, one Expectation to gain a, 
one to gain nothing, and one for 34, (fince 


all are'in equal probability to gain the firft 
Game) which by the ſecond Propoſition is 


worth 42 : Now ſince the ſecond Gameſter's 


; Condition is as good, his Share is likewiſe 


„and ſo there remains to the third -. 


4 whoſe Share might have been as ies found 
* itſelf. 


Por, 


OS IX. 


Ts any number of Gameſters you peak, * 


mong ſt whom there are Jome who want 
more, ſome fewer Games : To find what 
is any one's ſhare in the Staks, we muſt 
conſider what would be due to him, whoſe 
Share we inveſtigate, if either he, or any 
of his Fellow-Gameſters ſhould gain the 


next following Game ; add all their Shares 


together, and divide the Sum by the num- 
ber of the Gameſters, the Quotient is 16 
Sbare you were ſeeking. | 


\Uoppale three Gameſters A, B, and c; 
. A wants 1 Game, B 25 and C likewiſe 
2, I would find what is the ſhare of the 
Stake due to B, which I ſhall call . 


Firſt, we muſt conſider what would fall 
to B's Share, if either he, A, or C, wins : 


the next Came. 3 if 4 wans, the n is 
ended, fo he gets nothing ; if B himſelf 
gain, then he wants 1 Game, 4 1, and 
C2; therefore, by the former Propotition, 
there is due to him in that caſe $4, then 


if C gains the next play, then A and C 


would want but 1, and B 2; and there- 


fore, by the eighth Propoſition, his Share 


would be worth 54; add together what is 
due to B in all theſe three Caſes, viz, 054, 


77 


#4 Solution of the 
37, the Sum is 549, which being divided 
by 3, the number of Gameſters, gives 5-9, 
which is the Share of B ſought for : The 
Demonſtration of this is clear from the 


| ſecond Propoſition, becauſe B has an equal 
hazard to gain 044 or 34, that is 0+ T2, 
7. e. $4 : now it's evident the Diviſor 3 is 


n 


the number of the Gameſters, . 

I To find what is due to one in any caſe ; 
92. if either he, or any of his Fellow- 
Gameſters win the following Game; we 
muſt conſider firſt the more ſimple Caſes, 
and by their help the following; for as 


this Caſe could not be ſolv'd before the 


Caſe of the eighth Propoſition was calcu- 
lated, in which, the Games wanting were 
1, 1, 2; ſo the Caſe, where the Games 
wanting are 1, 2, 3, cannot be calculated, 
without the Calculation of the Caſe, where 
the Games wanting are 1, 2, 2, (which we 
have juſt now perform'd) and likewiſe of 
the Caſe, where the Games wanting are 
1, 1, 3, which can be done by the eighth: 
And by this means you may reckon all the 
Caſes comprehended in the following Tables, 
and an infinite number of others. 


3 , 


Games 


— 


Games wanting e 1 13, 2, 15 
Their Shares 44,117. C, C. 1313.1, 119,6, z, 2 


£04/::27213 18760 7 9 


« 1 
MM ft —_— 


Games wanting | 1, 7, a| 


| I, . 135 1, 2. 


4 3» 
[121,121,1 1178,58, — 80 


Shares 49,49, 1 
F 
Games wanting 2 ing 4. F 
Their Shares 875858 81616, 82,31 211 „„ 
| os 739 . © 729 e 
Games wanting 2; 2, ©] EY "2, a] 27 2, | 
Their Shares [34,34131338,338,531353-383-23] 


a 749  - 98 


— —_ 
2, 3, 4| 
451,195, 83 
243 "7.920: -+ 1187 


Sames wanting 5 
Their Shares 


As for the Dice; theſe Queſtions may 
be propoſed, at how many Throws one 
may wager to throw 6, or any Number 
below that, with one Die; How many 
_ "Throws are required for 12 upon two Dice; 
or 18 on 33 and ſeveral other Queſtions to 
this purpoſe. 

For the reſolving of which, it muſt bs 


conſider'd, that in one Die there are fix 


different T hrows, all equally probable to 


come up; for 1 "SR the Die has the 


exact 


x16 Solution of the 
exact figure of a Cube: On two Dice 
there are 36 different throws; for in re- 
ect to every throw of one Die, any one 
Tow of the 6 of the other Die may come 
up; and 6 times 6 make 36. In three 
Dice there are 216 different. throws; for 
id. relation to any of the 36 throws of 
two Dice, any one of the 5 of the third 
may come up; and 6 times 36 make 216: 
So in four Dice there are 6 times 216 
throws, that is, 1296: And fo forward 
you may reckon the throws of any num- 
ber of Dice, taking always, for the Addi- 
tion of a new Die, 6 times the number of 
the preceding. 

Beſides, it muſt be Serv that in two 
Dice there is only one way 2 or 12 can 
come up; two ways that 3 or. II can come 

up; for if I ſhall call the Dice A and B, to 
make 3 there may be 1 in A, and 2 in B, 
or 2 in A, and 1 in B; ſo to make . 
there may be 5 in A, and 6 in B, or 6 in A, 
and 5 in B; for 4 there are three Chances, 
3 in A, and 1 in B, 3 in B, and 1 in A, 
or 2 as well in A as B; for 10 there are 
likewiſe three Chances; for 5 or 9 there 
are four Chances; for 6 or 8 five Chances; 
Jr 7 there are fix Chances. 


F : ; es ow" 
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e 
„ 
5 or 16 6 
In 3 Dice there ate found 4 6 or 1510 

for +. 27-00 14186 

| PL. e 
9 Or 1225 
Lo or 11 27 


| Prop. X. 
To find at how many times one may under 
take to throw 6 wo ith one Die. 


F any ſhould undertake to.throw 6 the 
firſt time, it's evident there's one Chance 
gives him the Stake, and five which give 
him nothing ; for there are 5 throws a- 
gainſt him, and only one for him. Let 
the Stake be call'd 2, then he has one Ex- 
pectation to gain a, and five to gain no- 
thing, which, by the third Propoſition, is 
worth za, and there remains for the other 
La; ſo he who undertakes, with one Die, 
to throw 6 the firſt time, * to Wb 
oy ( 
2. Suppoſe one undertake, at two Throws 
of 1 Die, to throw 6, his Hazard is cal- 
culated thus; if he throw 6 at the firſt, 
he has a the Stake if he do not, there re- 
D-: mains 
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mains to him one throw, which, by de 
former Caſe, is worth ga; but there is but 
one Chance which gives him 6 at the firſt 
throw, and five Chances againſt him; ſo 
there is one Chance which gives him * 
and ſive which give him za, which by the 
ſecond Propofition, is worth 245. ſo there 
remains to bis F ellow-Gameſter = s; ſo the 
Value of my Expectation to his, is as 11 to 
2 5, 1. e. leſs than 1 to 2. 
By the ſame method of Calculation, you 
will find, that his hazard who undertakes 
to throw 6 at three times with one Die, 
is 2; fo that he can only lay gi a- 
gainſt 125, Which is ſomething leſs than 3 
I} to 4. 
1 He who „ to do it at four dimes 
his hazard is TY, fo he may wager 671 
againſt 625, that is, ſomething more than 
. 
He who 6 to do it at five times, 
his hazard is +5549, ſo he can wager 4651 
againſt 3125, that is, nn le than 
3 "to 2, | 
His 37 3 who undertakes to do it at 6 
times, is ggg, and he can wager 31031 
an I 10 5, that is, ſomething leis than 
2 to I, | 
Thus any number of throws may be cafily 
found ; but the following Propoſition will 
ſhew you a more compendious way of Cala 
culation, h PROP, 
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PRO P. XI. 
To find at how many times one may undertake 
to throw 12 with two Dice. 


F one ſhould undeviaks it at one throw, 
it's clear he has but one Chance to get 
the Stake a, and 35 to get nothing; which, 
by the third Propoſition, is worth r. 
He who undertakes to do it at twice, if he 
throw 12 the firſt time, gains a; if otherwiſe, 
then there remains to him one throw, 
which, by the former Caſe, is worth Ta; 


but there is but one Chance which gives 12 


at the firſt throw, and 35 Chances againſt 
him; ſo he has 1 Chance for a, and 35 for 
Ta, Which by the third Propoſition is 
Worth Zyvra, and there remains to his 
Fellow-Gameſter - ITS. 

From theſe it's ealy to find the Value of 
his hazard, who undertakes it at four times, 
_ paſſing by his caſe who neee it at 
three times. 


If he who andre to do it at four 


times throws 12 the firſt or ſecond Caſt, 


then he has a; if not, there remains two 


other throws, which, by the former Caſe, 
are worth 1; but fr the ſame reaſon, 
in bis two firit throws, he has 71 Chances 
which give him a, againſt 1225 Chances, 


Es - * 
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In hich it may happen otherwiſe ; there- 
fore at firſt he has 71 Chances which give 


him @, and 1225 which give him r, 


which by the third Propoſition is worth 
2&4, Which ſhews that their hazards 


to one another are as 178991 to 150062 5. 


From which Caſes it is eaſy to find the 
Value of his Expectation, who undertakes 
to do it at 8 times, and from that, his Caſe 
who undertakes to do it at 16 times - and 


from his Caſe who undertakes to do it at 8 
times, and his likewiſe who undertakes to 


do it at 16 times; it is eaſy to determine 


kk Expectation who undertakes it at 24 


times: In which Operation, becauſe that 


- which'is principally fought, is the number 


of throws, which makes the hazard equal 


on both fides, VIZ, to him who under- 


takes, and he who offers, you may, with- 
out any ſenſible Error, from the Numbers 
(which eiſe would grow very great) cut off 
fome of the laſt Figures. And fo I find, 

that he who undertakes to throw 12 with 


two Dice, at 24 times, has ſome loſs; and 


he who undertakes it at 25 times, has ſome 


| afvantage: 


Pro, 
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PRO r. XII. ” 
To find with how many Dice one can under= 
' take to throw two Sixes at the firſt Caſt. 


"THIS is as much, as if one would 
know, at how many throws of one 


Die, he may. undertake to throw twice 
fix; now if any ſhould undertake it at 


two throws, by what we have ſhewn be- 
fore, his hazard would be 7,4; he who 


would undertake to do it at 3 times, if his 
firſt throw were not 6, then there would 


remain two throws, each of which muſt 
be 6, which (as we have faid) is worth ; 
but if the firſt throw be 6, he wants only 
one 6 in the two following throws, which 


by the tenth Propoſition, is worth 222: 
but fince he has but one Chance to get 6 


the firſt throw, and five to miſs it ; he has 
therefore, at firſt, one Chance for 39, and 


five Chances for a, which, by the third 


Propoſition, is worth 774, or 5-4; after 
this manner ſtill aſſuming 1 Chance more, 


you will find that you may undertake to 
throw two Sixes at 10 throws of one Die, 
or 1 throw of ten Dice, and that with ſome 


advantage, 


„ 
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PRO p. XIII. 1 
If IT am to play with another one Throw, on 
this condition, that if 7 comes up I gain, 
if lo he gains; if it happens that wwe muſt 
divide the Stake, and not play, to find 
bo much belongs to me, and haw much 


„ 


0 him. 


Dkaauſe of the 36 different Throws of 
the two Dice, there are ſix which 


give 7, andꝭ g which give 10, and 27 which 
equals the 7 


ame, in which caſe there is 
due to each of us 24. But if none of the 
27 ſhould happen, I have 6, by which I 
may gain @, and 3, by which I may get 
nothing, which by the third Propoſition, 
is worth 34; ſo I have 27 Chances for. ⁊a, 


and 9g for 2g, which, by the third Propo- 
ſition, is worth £39, and there remains ta 
my Fellow-Gameſter 274. 


' HazarDS of Game. 23: 


4 


: Pro r. XIV. 


4 


if were playing with another by turns, with 


evo Dice, on this condition, that if I throw . 
7 I gain, and if he throw 6 he gains, al- 
lowing him the firſt throw : To find the pro- 


portion of my Hazard to his. 


x, and the Stakes a, then his Hazard 
will be a —x ; then whenever it's his turn 


Uppoſe I call the Value of my Hazard 


to throw, my Hazard is x, but when it's 


mine, the Value of my Hazard is greater. 


Suppoſe I then call it y; now becauſe of 


the 36 throws of two Dice, there are five 
which give my Fellow-Gameſter 6, thirty- 
one which bring it again to my turn to 


throw, I have five Chances for nothing. 


and thirty-one for y, which, by the third 


Propoſition, is worth 3+y ; but I ſuppos'd 
at firſt my Hazard to be x; therefore 
Ly ==x, and conſequently y = 45x. I 
| luppos'd likewiſe, when it was my turn 


to throw, the Value of my Hazard was y; 


but then I have ſix Chances which give 
me 7, and conſequently the Stake, and 
thirty which give my Fellow the Dice, 
that is, make my Hazard worth x; fo I 
have ſix Chances for a, and thirty for x, 
. . | which, 


\ ; x 
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which, by Propoſit. 3. is worth 2 * 30x 5 


but this by ſuppoſition is equal to y, which 


is equal (by what has been prov'd already) 


6 1 | 
to x 3 therefore —.— = Le, and 


36 
conſequently x == 3, the Value of my 
Hazard, and that of my Fellow-Gameſter 
is £74, fo that mine 1s to his as 31 to nk 


Here follow fome 9dr bie Jer ve i 


exerciſe the former Rules. 


2 2 and B play together with two Dice, 


4 wins if he throws 6, and B if he throws 
73; A at firſt gets one throw, then B two, 


then 4 two, and fo on by turns, till one 
of them wins. I require the proportion of 


As Hazard to B's? * It is as 10355 | 


to 12270. 


2. Three Gameſters, A, B, and £ take 
12 Counters, of which there are four white 
and eight black; the Law of the Game is 
this, that he ſhall win, who, hood-wink'd; 
ſhall firſt chuſe a white Counter ; and that 


A ſhall have the firſt choice, B the ſecond, 
and C the third, and fo, by turns, till one 


of them win. Quer. What is the propor- 


tion of their Hazards? 


D 


4 A wagers EY B, that of 40 Cards, 
that is, 10 of every Suit, he will pick out 
four, ſo that there ſhall be one of FR 
uit. Os Hazard to B's in this caſe is as 

| 1000-to 8139. F ts 


7 


4. 3 as Pele 4 white LE. 


ters and 8 black, A wagers. with B, that 


out of them he ſhall pick 7. Counters, of 


which there are 3 white. I require "the 


: proportion of A's Hazard to B 8 


| A and B taking 12. Counters, each 
play with three Dice after this manner, that 


if 11 comes up, A ſhall give one Counter 


to B; but if 14 comes up, B ſhall give one 


_— © 1 and that he ſhall gain who firſt has 
all the Counters. A's Hazard to B's is 
| 244140625 to 282429536481. ts 


| The Calculus. of the preceding Probleme 
is left out by Monſ. Huygens, on purpoſe 


that the ingenious Reader may have the 


ſatisfaction of applying the former Method 
- himſelf ; it is in moſt of them more labo- 
rious than difficult: for Example, I have 


pitch d upon the ſecond and third, be- 


| cauſe the reſt can be N after the ſame 
Method. 5 


BB. PR 5 


0 


— 2 > 
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| PropL EM r. 


© The firſt Problem i is ſold by the Ve- 
cod of Prop. 14. only with this difference, 
that after you have found the Share due to 
B, it A were to = no firſt throw, you 
mauſt ſubtract from it , of the Stake which 
is due to A for his _— e 1 
at the firſt throw. 


OY n 2. 


As for the ſecond Problem, it is folv'd 
thus; Suppoſe As Hazard, when i it is his 
own turn to chuſe, be x, when it is B's, be 
Fo and when it s C's, be 2; it is evident, 
_ when out of 12 Counters, of which there 
are 4 white and 8 black, he endeavours to 
chuſe a white one, he has four Chances 
.to get it, and eight to miſs it; that is, he 
Has four Chances to get the Stake a, and 
eight to make his hazard worth y r= 


and conſequently y = = =—=E - 


12 


When it is B', turn to chuſe, then he has 


four Chances for nothing, and eight for 
2, {that is, to bring it to C's turn) conſe- 


5 4 | J | 110 — © 3 ] 
quently y == nd - 2 3 this Equa- 
tion reduc d gives 2 1 ; when it 


comes 


die os 10 B, and to C; ſo A, B, and 
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comes to C's turn to chuſe, then A has * 
Chances for nothing, and eight for x, con- 


ſequently a , therefore 5x = . 


this equation reduc'd gives x , and 
conſequently there remains to B and C424, 
which muſt be ſhar'd after the fame man- 
ner, that is, fo that B have the firſt choice, 
CG: the next, and ſo on, till one of them . 
gain ; the reaſon is, becauſe it had been 
juſt in A to have demanded. y of the 
Stake for not playing, and then the Se- 
niority fell to B; now +34, parted be- 
twixt B and C, by the former Method, 


Cs Hazards from the beginning were as 
95, 6, 14. 
3 I have ſuppo sd here the Senſe of the 
Problem to be, that when any one chus d 
a 2 he did not diminiſh their num 
; but if he miſs d of a white one, put 
85 in a ain, and left an equal hazard to 
him who had the following choice; for if 
of be otherwiſe ſuppos'd, As ſhare will be 
5%, Which is leſs than 2. 
Prob. 2, It is evident, that wagering to 
pick out 4 Cards out of 40, ſo that there 
be one of every Suit, is no more than wa- 
gering, out of 39 Cards to take 3 which 
{hall be of three propoſed Suits; for it is 
all one winch Card you draw firſt, all the 
8 „%% hazard 
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hazard n whether out of the g re- 


maining yu take 3, of which none FI be 


of the Suit you firſt drew : Suppoſe then 
you had gone right for three times, and 


were to draw your laſt Card, it is clear 
that there are 27 Cards, (biz. of the Suits 
you have drawn before) of which, if you 


draw any you loſe, and 10, of whic AF - 
you draw any, you have the Stake 4; fo 


you have 10 Chances for a, and 27 for 
nothing, which, by Prop. 3. is worth 42.9. 


| Suppoſe again you had gone right only for 


two Draughts, then you have 18 Cards 
(of the Suits you have drawn before) which 
make you loſe, and 20, which put you 
in the Caſe ſuppes'd formerly, vg. where 
you have but one Card to draw, which, 
= we have already calculated, is worth 

343 ſo you have 18 Chances for nothing, 
Wa 20 for 429, which, by Prop. 3. is 
worth 7834. Wap again you have 3 
Cards to draw, then you have 9 (of the 


Suit you drew firſt) which make you loſe, 
and 3o which put ycu in the caſe ſuppos'd 


laſt; ſo you have 9 Chances for nothing, 


and 30 for 28%, which by Propoſ. 3. is 


worth 222-2, or 52250, and you leave to 
ycur Fellow-Gameſter 37334; o your hae 
zard is to his as 1000 to 8139. 

It is eaſy to apply this Method to the 


Games that are in uſe amongſt us: Por 
| Example, 


Haigeiys 1 = 


Example, If A and B, playing at Backgam- 
mon, A had already gain'd one end of three, 
and B none, and if A had the Dice in his 


Hand for the laſt throw of the ſecond end, 


all his Men but two upon the Ace Point 


being already caſt off: Quer, What 1 1s, the 


proportion of A's Hazard to B's? 


Solution : There being of the 36 Thom 


of two Dice, ſix which give Doublets; if 


A throw any of the fix, he has the ſtake 4; 


if he throw any of the other Feng then 
he wants but one Game, and his Slows 
Gameſter three, which, by Prop. V. is Za ; 


ſo A has fix Chances for a, and thirty for 


a, which, by Prop. III. is worth 422% and 
there remains to his Play-Fellow {25 fo 
A's Hazard to B's is as 129 to 15, chat is, 
leſs than to 1. 

 Suppoling the ſame Caſe, and if their 
Bargain had been, that he who gain'd three 
ends before the other gain'd one, ſhould 
| have double of what each ſtak'd, that is, 
the Stake and a half more, then there had 
been due to A 23+ of the Stake, that is, 


B ought only. to take 2 200 leave the reſt 


to of, 
Thus likewiſe, if you apply the form 


Rule to the Royal- # Lottery, you will 


find, that he who wagers that any Figure 


ſhall come up at the firſt throw, cught to 


—_—_ I "_ I 3 that he who wagers 
N it 


1 
; 
j 
; 
| 
* | 
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it ſhall come up at one of two throws, 
onght to wager 63 againſt 961 that he 
who wagers that a Figure ſhall-come up as 
once in three times, ought to lay 125055 
againſt 923521, Sc. it being only ſome- 
what tedious to calculate the reſt. Where 
you will find, that the equality will not 
fall as ſome imagine on 16 Throws, no 
more than the equality of wagering at how 
many Throws of one Die 6 ſhall come up, 
falls on three; the contrary of which you 
have ſeen already demonſtrated ; you will 
find by calculation, that he has the Diſ- 
advantage, who wagers, that 1 of the 32 
different Throws of the Royai/-Oak Lottery 
| ſhall come at once of 20 times, and that 


be has ſome advantage, who wagers on 22 


times, ſo the neareſt to Equality is on 2x 
times. But it muſt be remembred, that 
I have ſuppos'd in the former Calculation, 
the Ball in the Royal. Oak Lottery to be re- 


gular, tho' it can never be exactly ſo; for 


he, who has the ſmalleſt Skill in Geometry, 


knows, that there can be no regular Body 
of 32 ſides; and yet this can be of no Ad- 


vantage to him who keeps it. 
bh 


BE 
To 
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To find the Value of rho Throws of 


Nothing is more eaſy, than by the 
former Method to determine the Va- 
Aue of any number of Throws of any num- 
ber of Dice; for in one throw of a Die, 
I have an equal Chance for 1, 2, 3, 4, 5, 6, 
'conſequently my Hazard is worth their 
Sum 21 divided by their Number 6, that 
is, 342. Now if one throw of a Die be 
worth 32, then two throws of a Die, or 
one throw of two Dice is worth 7, two 
throws of two Dice, or one throw of 
four Dice is worth 14, Cc. The general 
Rule being to multiply the Number of 
Dice, the Number of Throws, and 3+ 
continually, _ | ny 

This is not to be underſtood as if it were 
an equal wager to throw 7, or above it, 
with two Dice at one throw ; for he who 
undertakes to do fo, has the Advantage by 
21 againſt 15. The meaning is only, if 


I were to have a Guinea, a Shilling, or 


any thing elſe, for every Point that I threw 
„„ e with 


* 
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with two Dice at one throw, my Hazard 
is worth 7 of theſe, becauſe he who gave 
me 7 for it, would have an equal probabi- 
lity of gaining or loſing by it, the Chances 
of the Throws above 7, being as many as 
of theſe. below it: So it is more than an 
equal wager to throw 14 at leaſt at two 
Throws of two Dice, becauſe it is more 
probable that 14 will come, than any one 
number beſides, and as probable that it 
will be above it as below it; but if one 
were to buy this Hazard at the rate above- 
mention'd, he ought juſt to give 14. for it. 
The equal wager in one Throw of two 
Dice, is to throw 7 at leaſt one time, and 
8 at leaſt another time, and fo per vrces : 
The reaſon is, becauſe in the firſt Caſe T 
have 21 Chances againſt 15, and in the ſe- 
| cond I 5 Chances . 21. / 


that it is an even wager to throw 
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IN Reofling, the different Throws and 7 
their Chances are theſe ; Where it is 

to be obſerved, that of the 2 16 Throne. Chan 
rows, Chan. 


different Throws of three Dice, #45 
there are only 96 that give Dou- 5 5 
blets, or two, at leaſt, of a + s 2 

kind; ſo it is 4 to 5 that with] 2 * 
three Dice you ſhall throw Dou- | __ 17 4 

blets, and it is 1 to 35 that you 8 1 9 

throw a Raffle, or all three off Wo. 3 

a kind. It is evident likewiſe, | 1 KA, 4 


II or above it, becauſe there are as many 

Chances for 11, and the Throws above it, 
as for the Throws below it; but tho' it be 
an even wager to throw 11 at one Throw, it 
is a diſadvantage to wager to throw 22 at two 
Throws, and far more to wager to throw 
33 at three Throws; and yet it is more 
than an equal Wager that. you ſhall throw 
21 at two Throws in Raffling, becauſe it 
is as probable that you will, as that you will 
not throw 11, at leaſt, the firſt time, and 
1 more 


ml Selen of 15 


more than probable that you will throw 10, 
at leaſt, the ſecond time. | 
For an inſtance of the plainneſß of the 
preceding Method, I will ſhew, how by 
_ ſimple Subtraction, the moſt part of the 
former Problems may be ſolv'd. 
Suppoſe A and B, playing together, och 
of them ſtakes 32 Shillings, and that # 
wants one Game of the number agreed on, 
and B wants two; to find the ſhare of the | 
Stakes due to each of them. It's plain, if 
A wins the next Game, he has the whole 
64 Shillings; if B wins it, then their 
Shares are equal ; therefore fays A to B, 
If you will break off the Game, give me 
32, which I am ſure of, whether 1 win or 
loſe the next Game; and fince you will 
not venture for the ather 32, let us part 
them equally, that is, give me 16, which, 
with the former- 32 make 48, leaving 16 
to you. 
Suppoſe A N one Game, and B 
three; if A wins the next Game, he has 
the 64 Shillings ; if B wins it, then they 
are in the condition formerly ſuppos'd, in 
which caſe there is 48 due to A; there- - 
fore ſays A to B, give me the 48 which I 
am ſure of, whether I win or loſe the next 
Game ; and fince you will not hazard for 
the other 16, let us part them equally, that 
is, give me 8, which, with the former 48, 
make 
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make 56, leaving 8 to you ; and ſo all the 
other Caſes may be folv'd after the ſame 
manner. 

Suppoſe A wagers with B, that with 
one Die he ſhall throw 6 at one of three 
Throws, and that each of them ſtakes 108 
Guineas ; to find what is the proportion of 
their Hazards. Now there being in one 
Throw of a Die but one Chance for 6, and 

five Chances againſt it, one Throw for 6 
is worth z of the, Stake; ; therefore ſays B 
10 H, of the 216 Guineas take a ſixth part 
for your firſt Throw, that is, 363 for your 
next Throw take a ſixth part af the re- 
maining 180, that is, 30.3 and for your 
third Throw, take a ſixth part of the re- 
maining 150, that is, 25, which in all 
make 91, leaving to me 125; ſo his ha- 
zard who undertakes to throw 6 at one of 
three Throws, is 91 to 125. 

Suppoſe A had undertaken to 8 6 
with one Die at one Throw of four, and 
that the whole Stake is 1296 ; ſays A to B, 
every Throw for 6 of one Die, is worth 
the ſixth, part of what I throw for , : there- 
fore for my firſt Throw give me 216, which 
is the fixth part of 1296, and there re- 
mains 1080, I muſt have the ſixth part 
of that, viz. 180, for my ſecond Throw; 
and the ſixth part of the remaining goo, 
which is #50; for wy third Throw ; and 
F 2 5 the 
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the fixth part of the laſt remainder 7 50, 
which is 12 5 for my fourth; all this added 
together makes 671, and there remains to | 
you 625 ; ſo it is evident, that As Hazard, | 
in this Caſe, is to B's 671 to 625. 
|  Suppofe A is to win the Stakes (which | 
we ſhall ſuppoſe to be. 36) if he throws 7 
at once of twice with two Dice, and B is 
to have them if he does not ; fays B to A, 
- the Chances which give 7 are 6 of the 36, 
Which is as much as 1 of 6; therefore for 
your firſt Throw you ſhall have a fixth 


part of the 36, which is 6; and for your 


next Throw a ſixth part of the remainder 
30, which is 5; this in all makes 11; fo 
you leave 25 to me 3 o A's Hazard is fo 
B's as 11 to 25. 1 

It were caſy, at this rate, to calculate 
the moſt intricate Hazards, were it not that 
| Fractions will occur; which, if they be 
more than +5, may be ſuppos d equal to an 
Unit, without cauſing any remarkable Er- 
ror in great Numbers, 

It will not be amiſs, before I ae 
to give you a Rule for finding in any num- 
ber of Games the Value of the firſt, becauſe 

Huygens's Method, in that case, is ſomething 
tedious, | 
Suppoſe A and B had agreed, that he 
ſhould have the Stakes who did win the 
flirſt 9 Games, and had already won one 

3 


— 7 
A 


of the Ss ; by this Rule there is 2 
1 to 
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of the 93 1 would know what ſhare of B's 
Money is due to A for the Advantage of 
this Game. To find this, take the firſt 


I" even Numbers 2, 4, 6, 8, 10, 12, 14, 


and multiply them continually , that 
is, the firſt by the ſecond, the product by 


the third, &c. take the firſt eight ro Num- 


bers 1, 3, 5, 7, 9, 11, 13, I5, and do juſt 


ſo by them, t ie product of the even Num 


ber is the Denominator, and the product of 
the odd Number the Numerator-of a Frac- 
tion, which expreſſeth the quantity of B's 
Money due to A upon the winning of the 


firſt Game of 9; that is, if each ſtak da 


number of Guineas, or Shillings, Sc. ex- 


preſs d by the product of the even Num- 


bers, there would belong to A, of B's 


Money, the Number expreſs d by the pro- 


duct of the odd Numbers. For Exampk, 


Suppoſe A had gain d one Game of 4, then 
by this Rule, I take the three firſt even 
Numbers, 2, 4, 6, and multiply them con- 


tinually, which make 48, and the firſt 


three odd Numbers, 1, 3, 5, and multiply 


them COT; which make 15; ſo there 


belongs to A 424. of B's Money, that is, if 
each ſtak'd 48, there would belong to 4, 


beſides his own, 15 of B's. Now by Huy- 


” gens's Method, ic A wants but three Games 


while. B wants four, there is due to A 


. 
£ 
— —— — — — —— —„—-— 0 n 1 
a . — 
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to A 4 of B's Money, which is 2 25 of the 
Stake, be. "_ 4 own Fog of the 
Stake, makes £2. r of the Stake; and 
ſo in every Cale e will find Huygens's 
Method, and this will give you the fame 
Number: A Demonſtration of it you may 
ſee in a Letter of Monſieur Paſcal's to 
Monſieur Fermat; though it be otherwiſe 
expreſs d there than here, yet the conſe- 
quence ĩs eaſily ſupply'd. To prevent the 
-Jabour of Calculation, I have ſubjoin'd the 
-following Table, which is calculated for two 
1 as Monſieur Huygens S is * 
_ + UNE@ 


If each of us ſtake 256 Guinegs in 


x 
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The Uſe of the Table is plain; fot let 


our Stakes be what they will, I can find 


the Portion due to me upon the winning 
ö 45 firſt, or the firſt two Games, Ce. of 


2, 3, 4, 5, 6. For Example, If each of us 
bad ſtak'd 4 ee and the number of 


Games to be play'd were 3, of which I 
had gain'd 1, 75 
to a fourth. 


235. 96 1 4: IS, 


To find what is the Value of his 1 | 


who undertakes, at the firſt Throw, to ca 
Doublets, in any given number of Dice. 


In two Dice it is plain, to avoid Dou- 
blets, every one of the ſix different Throws 


of the firſt, can only be combin'd with 


five of the ſecond; becauſe one of the fix 
is of the fame kind, and conſequently 
makes Doublets ; for the ſame reaſon, the 


thirty Throws of two Dice, which are 
not Doublets, can only be combin'd with 
four Throws of a third Dice, and three 


Throws of a fourth Dice; ; 1 generally 
it is this Series, 


G AX ZN Io, Sc. 
0x0x0x0x6x0x0, Sc. 


3 


5 


agen to "_ BL 
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The ſecond Series is the Sum of the 
Chances, and the firſt the Number of 
Chances againſt him who undertakes to 
throw Doublets, cach Series to be conti- 
nud ſo many terms, as are the number of 
Dice. For Example, If one ſhould under- 
take to throw Doublets at the firſt Throw 
of four Dice, his Adverſary's Hazard is 


 Gxgx4x3 = 360 I 
. 1296 ior leaving to him 


„ ſo he has 13 to 5. In ſeven Dice, you 
= the Chances againft him are o, be- 
cauſe then there muſt peceflarty be 'Dou- 
blets. 


% 
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Of Waris. 
If there be four playing at Whiſt, it is 15 
o I that any two of them ſhall not have the © 
our Honours, which I demonſtrate thus. 


Uppoſe the four Gameſters be A, B, C, 
D If Hand Z had, while the Cards are 
a dealing, already got three Honours, and 
Wanted only one, ſince it is as probablE 

that C and D will have the next Honour, 
as A and B; it A and B had laid a Wager 
to have it, there is due to them but + of 
the Stake: If A and B wanted two of the 
four, and had wager'd to have both thoſe 
two, then they have an equal hazard to get 
nothing, if they mils the firſt of theſe two, 
or to put themſelves in the former Caſe 
if they get; ſo they have an equal Ha- 
zard to get nothing, or +, which, by 
Prop. 1. is worth + of the Stake; ſo if they 
want three Honours, you will find due to 
them of the Stake; and if they wanted 
four, 44 of the Stake, leaving C and D 
23; ſo C and D can wager 15 to 1, that 
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A and B ſhall not have all the four Ho- 


nours. 


I is 11 to 5 that A and 5 not have 
three of the four Hamer, which Z prove 
thus: 


It is an even Wager, if there were but 
three Honours, that A and B ſhall have 


two of theſe three, ſince 'tis as robable 


that they will Ne two of the three, as 

that C and D ſhall have them; conſe- | 
quently, if A and B had laid a Wager to 
have two of three, there is due to them - 
of the Stake. Now ſuppoſe A and B had 
wager'd to have three of four, they have 
an equal hazard to get the firſt of the 
four, or miſs it; if they get it, then they 
want two of the three, and conſequently 
there is due to them + of the Stake; if 
they miſs it, then they want three of the 
three, and conſequently there is due to 
them 2 + of the Stake; therefore, by Prop. 
I. their Hazard 1 is worth, Fr, leaving to C 5 
and D + 


A and B playing at Whiſt againſt C and D; 
A and B have eight of ten, and C and D 
nine, and therefore can't reckon Henours; to 


find the Proportion of their H ard. 
Ther Eo. 
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There is Ir due to A and B upon their 
hazard of having three of four Honours ; 
but ſince C and D want but one Game, 


and A and B two, there is due to 4 and — 
B but 2, or FF. more upon that account, 


by Prop. 4. this in all makes , leaving to 
2 and D n; fo the hazard of A and B to 
that of C and D, is as 9 to 7. 

In the former Calculations I have ab- 


ſtracted from the ſmall difference of having 


the Deal, and being Seniors. 

All the former Caſes can be calculated 
by the Theorems laid down by Monſieur 
Huygens ; but Cafes more compos'd re- 
quire other Principles: for the eaſy and 
ready Computation of which, I ſhall add 
one Theorem more, demonſtrated after Mon- 
ſieur Ne a6 s Method. | 


Tu EORE NI. 


If 1 have 5 Chances for 4, q 1 


for ö, and r Chances for c, then my hazard 


is worth 2 Et, that is, a multiplied 


into the number of its Chances added to 
5, multiplied into the number of its Chan- 
ces, added to c, multiplied into the num- 


ber of its Chances, and the Sum divided by 
the Sum of Chances of a, b, c. 


Qs - 


8 
r 
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To inveſtigate as well as demonſtrate 
this Theorem, tuppoſe the value of my ha- 
zard be x, ben x muſt be ſuch, as 3 
it, I am able to purchaſe as good a hazard 
again in a juſt and equal Game. Suppoſe 
the Law of it be this, That playing with 
ſo many Gameſters as, with myſelf, make 
up the number p + ger, with as many of 
them as the number þ repreſents, I make 
this bargain, that whoever of them wins 
ſhall give me @, and that I ſhall do ſo to 
each of them if I win ; with the Game- 
ſters repreſented by the number of g, I 
bargain to get 5, if any of them win, and 
to give 6 to each of them, if I win my 
ſelf; and with the reſt of the Gameſters,, 
| whoſe number is 7 — 1, I bargain to give, 
or to get c after the ſame manner: Now 
all being in an equal probability to gain, I 
have p Chances to get @, 4 Chances to get 
, and 7 — 1 Chances to get c, and one 
Chance, viz, when I win my ſelf, to get 
fx + 9x +rx— ap —bg ec, wlich, 
if it be ſuppos d equal to c, then I have p 
Chances for a, 97 Chances for 6, and 
Chances for c (for 1 had juſt now r — 1 
Chances for it) and therefore, in caſe px + 
px — ap —by—re+ a=, then is 
| =. 1 
r 
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Buy the ſame way of reaſoning vou will 
find, If I have y Chances for @, q Chances 
for b, 7. Chances for c, and s Chances for 


“ 
da, unn ee 7 722 75 57. ee 


e 


„ had two Chances for 3 Shillings, 
four Chances for 5 Shillings, and ne 
Chance for 9 Shillings, then, by this Rule, 
my hazard is worth 5 Shillings; for 
3 3 —.— 25; and it is eaſy to 
prove, that with five Shillings I can pur- 
Chaſe a like hazard again; for ſuppoſe I 


play with ſix others, each of us ſtaking . 
5 5 Shillings; with two of them I bargain, 


that if either of them win, he muſt give 


me 3 Shillings, and that I ſhall do fo to 


them; and with the other four I bargain 


juſt ſo, to give or to get 5 Shillings: 
This is a juſt Game, and all being in an 
equal probability to- win 3 by this means 
| TI have two Chances to get 3 Shillings, 

four Chances to get 5 Shillings, and one 
Chance to get 9 Shikings, viz. when 1 
win my felf ; for then out of the Stake, 
which makes 35 Shillings, I muſt give the 
firft two 6 Shillings, and the other four 20 
Shillings, ſo there remains juſt ꝙ to myſelf; 


It 
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It is eaſy, by the help of this Theorem, 
to calculate in the Game of Dice, com- 
monly call'd Hazard, what Mains are beft 


to ſet on, and Who has the Advantage, 


the Caſter or Setter. The Scheme of the 
Game, as I take it, is thus ; ; 


1 "Throws next © following” for 1 | 
| 


Mains. The Cafter. | 1 * Setter. = 
V. r 
eee x nm, [ 
vn. | VII. XI. XII. II. III. 
VIII. VII. XII. XI. II. III. 
IX. — E. III. II. XI. XII 


By an ky Ciikuldiion you will find, 
if the Caſter has IV, and the Setter VII, | 
there is due to the Caſter 1 of the Stake ; = 


if he has 


1 againſt VII, + of the Stake. 
VI againſt VII., * of the Stake. 
IV againſt VI, + of the Stake. 

V againſt VI, 5 of the Stake. 
IV againſt V. 5 $1 of the Stake. 


1 * not tell the Reader, that IV is 
the ſame with X, * with IX, and VI 


with VIII. \ 
55 5 Suppoſe 
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Suppoſe then VII be the Main : To find 
the proportion of the hazard af the Caſter 


to that of the Setter. 
Buy the Law of the Game, the "Caſter, 


before he throws next, has four Chances 


for nothing, vi. theſe IT, III, XII; eight 
Chances for the whole Stake, vis. thoſe 
of VII, XI; fix Chances for Fo v:2. thoſe 
Iv, X; eight Chances for +, vir. thoſe 
of V. IX ; and ten Chances for Ar, viz. 
theſe of VI, VIII; ſo his hazard, by the 
preceding 7. beorem, is 

4 + 6x3 + 8x3 + o 


Now to fave the trouble of a . 
reduction, ſuppoſe the Stake which they 
play for be 36, that is, the Setter had hid 

down 18; in that caſe, every one of 

theſe Fractions are ſo many parts of an 

Unit, which being gather'd into one Sum, 

give 174 to the Caſter, leaving 1844 to 

the Setter ; ; fo the hazard of the Calter i is 

to that of the Setter 244, 251. 


Suppoſe VI, or VIII, be the Main, I 
the Share of the Caſter | _ 
II. 8 | mot 
III. VI. IV. V. Te 1 
XI. XII. X. IX. VIII. VII. | 1 
Seb rere igäft. 
|  Jeavin, 


om 


I db of the 


er to the Setter 18352; ſo the hand 
of the Caſter is to that of the Setter 8 


Gon to 7295. 


Bppoſte v, or x be he Main, | then the 
Share of the Caſter ; * 8 


II. 
III. | 
MT. NM. VI. 
XII. V. X. IX. VIII. VII. 
Ox0+4x IEC TAX TI o Lr e- I 7E, 


leaving to the Setter 18 2 ſo the hazard 
of the Caſter is to that of the Setter as ; 


e 


It 1 is plain, thut in every caſe the ca- 

ſter has the Diſadvantage, and that V, or 
IX, are better Mains to ſet on than VII, 
becauſe, in this laſt Caſt, the Setter has 
but 18 and 3 or po; here, when V 
or IX is the Main, he has 18, likewiſe 
VI, or VIII, are hetter Mains than V, or 
IX, i oe is a greater F raction than 


All 400 Wi ſupp off ch 8 
which are in an equal robability to hap- 
pen ; if it ſhould be ſuppos'd otherwile, 


0 605 wil ariſe berg of Caſes of a quite 
different 


— r e ˙» ˙ſ * 
f 4 e N g 8 7 . | Ede * Pat. 
n 7 - 6 9 7 I * , 
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different nature, which, perhaps, twere not 
_ unpleaſant to conſider : T ſhall add one Pro- 
blem of that kind, leaving the Solution to 
ä who think it merits their pains. 


In Parallelipi beds cujus latera ſunt ad in- 
vicem in ratione a, b, c: Invenire quotd vice 
quivis ſuſcipere poteſ, ut datum Sy Pla- 
num, v. g. a b Jaciat. 


L DEMONSTRATION 
” Or THE | 
Gain of the BANKER 


— of the - Y; 


- Game call d Pharaon, 


And how to determine the | 


Odds at the Acs of Hz Axrs, 
or Faiz CHAN c; 


With the Ax1THMETICAL SOLUTtoN of 
ſome — relating to LOTTERIES: 


And a few Remarks upon HazanD and 
Deren. | 


* 
* 
w# 
_ 
o 
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Of the Game of PHARAO x. 


or Gain of the Banker in any 


hve the following Problem. 


a 


* B, e 


four of which are red and five black, un- 


dertake to draw a red one bh ndfold, and 


he ſhall be reputed to win that draws the 


Art: Now ſuppoſing A to have the firſt 


"choice, B the ſecond, A the third, and J 


01 22 turns till one of them wins; Quere, 
The proportion of Here H. e 4 


SOLU T1ON. 


Tos „ be the number of all the Cards, 7 
the number of red ones, b the number of 


black 


N order to demonſtrate the Odds 


= circumſtance of the Game of 
RF Pharaon, it will be neceſſary to 


54 07 4 1 


black ones, and 1 the whole Stake, or - the | 
Sum play'd for. | 
1*, Since A has 7 Chances 8 a red Card, 
and 5 Chances for a black one, it follows 
by the third Fropoſition that his * 
tion is _ = or g of the Stake, 


qual to = x1; and Wan let it be 


agreed between the two Gameſters, that 
' inſtead of As attempting to draw a red 
Card he ſhall actually take out a black one, 


and as an equivalent ſhall have — paid him 5 
out of the Stake, which being done, there | 


z 1 — 17 


will remain 1 ——= = — = —. 


20, Since the remaining Cards are 2— 1, 
and B has r Chances for a red Card, it fol- 
owe that his Probability of winning will be 


8 , and conſequently 4 Expectation 


2— 


upon the remaining Stake — 2 will be —— 


. But inſtead of B's draw. 


5 Fl AXA —1 
ing, we will ſuppoſe the Sum — - paid 
him out of the Stake, and that a black 
Card being taken out of the heap as before, 


then the remaining Stake will be 2 — . 
2 bxn—1 bxn—b „ 


— c- — —C 


4421 or AX nz] 1*1—1 1 * 2— 1 


3% 


22 


Terms 0 
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| 3 Now it comes to 4's turn again to 
chuſe; and ſince he has ſtill x Chances for 


a red Card, and the number of remaining 
| Cards are 1 — 2, * Probability of winning 


this time will be — , and his Expectation 
upon the remaining Stake ZZ? will be 


ax —1T 


2 — , which we will likewiſe 


ſuppoſe to be paid him out of the Stake, 


bxh — 
and then there will remain — — 
bxb—ixr bub =1Ixn—=2 _ 


X22 —] X32 9 0 1k 1 ines 


bxb—1xn—b bxb—1 x b— 
o » out of 


bxb—1xb—2xr - 


which B may have — 


| 1 K — Xn — 2 * —3 
5 and ſo we may proceed til the whole Stake 
is exhauſted. 
But J hope what has been aid i is ſadicient 


to ſee the Law of Continuation, god form 
this general Series; 3 VIS, = — + 


LR —— + 5, Ge. In whit. 


*tis evideat. that P, Q, R. 8, Sc. denote 
the preceding Terms. Now to apply this 
Series to practice, we mult take as many 
of; it, as there are Units in b+1; 

for ſince 6 repreſents the number of black 
Cards, the number of Drawings cannot 
99 6-+1 ; therefore take for Athe firſt, 


—c 


third, | * 
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third, fifth, Fr. Terms; and for B, the 
ſecond, fourth, fixth, &c. Terms, and the 
Sam of thoſe Terms will be the reſpective 
Expectations of A, B; or becauſe the Stake 
is fix d, theſe Sums will be proportional to 
their reſpective Probabilities of winning. 


For inſtance, if we apply this to the prs- 


ſent Caſe, the general Series will be 4 + 


iP+ 40+ R+3S + zT. And to 


* 


bring this Series into whole Numbers, let 
us aſſume x a whole Number, which mul- 
tiply d by z ſhall be a whole Number ==P. 


Therefore fince = P, 5 * and 


= x £ x R, &c. each of which Terms 
are to be whole Numbers: Now tis evi- 
dent that the Denominator of the Fraction 
repreſented by P, 1s an aliquot part of that 
repreſented by Q , and every Denomina- 
tor an aliquot part of the next following, 
and fo the laſt Denominator ꝙ x 8x7 x 6x 
5 x 4 is a Multiple to all the preceding De- 
nominators; and conſequently if each Nu- 
merator be multiplied by it, . inſtead of x, 
and the Products divided by their reſpective 
Denominators, the Quotients will all be 
whole Numbers, this is univerſally true: 
But in this Caſe, if the laſt Fraction 
4X SXAXZXZXxI | 1 N ; 

QX8X7JXOXgx4 be reduced to n mom 
WS, 755 „its Denominator 126 is the leaſt 
common 
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common Multiple to all the reſt of the 
Fractions when reduc'd to their leaſt Terms. 
Which being determin'd, the Terms of 
che Series are eaſily found by the following 
Operation to be 56 + 35 1 20 + 10 50 
5 + I, 
„„ Or RATIO. 2 
© . 43 126 SE 20 =R 
ISS 1 60 
ON NE. 108 g 
TC 185 2 g 
: 280 20 
„ —: go | 
1135 =: 4=T =_ 
A „ 5 / 
„ 8 * 
3 20 =R EE 1 . = 


Wherefore aſſigning to A „ 4 280 | 
And to B EE Sr - 35+10+1= =46 | | 


And their Probabilities of winning will be 
as 80 to 46, ot as 40 to 23. And if there 
7 be never ſo many Gameſters AB, E i. 
&c. the Probabilities of winning may as 
, eaſily be aſſign'd by the 0 NE Series, as 
for theſe two, 
a Ravezkakn? 
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ps” REMARK. 
The preceding Series may in any par- 
ticular Caſe be eafily ſhorten'd; for if TI, 
then the Series will bee Exon 
—=x1+1I+1I+I+I+1, &c. 
If Da, then the Series will be 


5 25 
nX n— 1 


— _ - 9 


X2—1 ＋ u — 2 1 —3 ＋- 2 —4, &c. 


If n, then the Series will be - — — 


xXx — 1X —2 


— — — 


Xn 1X2 % 2 X. 3 +l} XR 2—4 
If 4, then the Series will be 
; „„ ONO ND 
GC. | | 5 „„ 

Wherefore rejecting the common Multi- 
plicators, the ſeveral Terms of thoſe Series 
taken in due order will be proportional to 
the ſeveral Expectations of any number of 
SGameſters. Thus in the Caſe of this Pro- 
eg. 1, , the 


Terms of the Series will be | 


For A. 10 For = 


Ex TX 0==730 "7% 0x $2mg1o 
Ex - x 4= 1420 * £ x4 Xx 2 = O00 
4 X 3 x 2 24 i Zx2x51== © 


Hence 


of Pminwon.' _ ot 

Hence it follows, that the Probabilities _ 
of winning will be reſpectively as 480 to 
276, or dividing both by 12, as 4⁰ (0 8 

the ſame as before. | 


The Game of PHARAON. 


Rules of the Play. 


Firſt, The Banker holds a Pack of 52 
Cards. 5 
Secondly, He draws the Cards one after 
the other, laying them alternately to his 
right and left-hand. 
Thirdly, The Ponte may, at his choice, 
ſet one or more Stakes, upon one or more 
Cards taken out of his parcel of 13 Cards, 
from the Ace to the King inclufive, call” 4 
a Book; either before the Banker has begun 


to draw the Cards, or after he has drawn 1 


any number of Couples, which are com- 
monly call'd Pulls. 

Fourthly, The Banker wins 4 Stake of 
| the Ponte, when the Card of the Ponte 
comes out in an odd place on his right- 
hand; but loſes as much to the Ponte 
e it comes out in an even place on his 
left-hand. 

Fifthly, The mace x wins half the Ponte's 
Stake, when in the fame pull the Card of 


the Ponte comes out twice, 
5 „„%%FF§˙— Si thly, 


Go Of the Game 
Sixthly, When the Card of the Ponte, 
being once in the Stock, happens to be the 


aft, the Ponte neither wins nor loſes, 
Seventhly, The Card of the Ponte being 


but twice in the Stock, and the two lat 


Cards happening to be his 9 he then 
loſes his * Stake. 


Pros. II. 


* fnd at Pharaon the Gain of FO Banker, f 
hen any number of Cards remain in 
the Stock ; having the number of times that 

' the Ponte's Card is contain'd in it, given. 


FT erefore this Problem admits of four 
Caſes, ſince the Ponte's Card may 
be contain'd either once, twice, thrice, or 

four times in the Stock. 


bel tio of hes. firſt 8 


The Banker, according to the Law of 
as Game, 12575 the following number of 
Chances for winning and loſing ; vis. 


1 Chance for winning 1 
1 Chance for loſing 1 
1 Chance for winning 1 

1 Chance tor loſing 1 

1 Chance for winning 1 

| I Chance for loſing © 


R 0 8 


Hence 


** 
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Hence the Banker has one Chance more 


for winning than for loſing, and the num- 
ber of all the Chances are equal to x, the 


number of Cards in the Stock; therefore — 
is the Gain of the Banker upon the Stake, 


To illuſtrate this Caſe, 


Let it be required to find the Gain of 


the Banker, when there are 20 Cards re- 


maining in the Stock, and the Ponte's Card : 


| - * 1 1 88 
but once in It, S | 


Anſwer, He gains the twentieth part of 


his Stake. 


Solution of the ſecond C As E. 

By the Remark belonging to the pre- 
ceding Problem, it appears, that the Chances 
which the Banker has to win or loſe his 

Stake would be proportional to theſe Num- 
bers n — 1, 2 — 2, 1 — 3, &c. were the 
Banker not allow'd half the Stake upon 
drawing of Doublets, or the Ponte's Card 
twice together ; upon which account the 


number of Chances repreſented for the Ban- 


ker by #— 1 for winning, muſt be divided 
into two parts 2 — 2, and 1, whereof the 
firſt is proportional to the probability which 
the Banker has for winning the whole Stake 


of the Ponte, and the ſecond is proportional 


to the probability of winning the half of it : 
for ſince the Banker is not intitled to the 


2 f Whole 
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whole Stake upon the Ponte's Card coming 
out in an odd place, till he knows whether 
the next Card be the Ponte's, his Chance 
for winning the whole Stake can be no 
greater than the Ponte's; becauſe there is 
the ſame reaſon, and eaſily prov'd, that the 
ſecond Card, and not the rſt, ſhould be 
the Ponte's, as the firſt Card, and not the 
ſecond. Wherefore the Chances that the 
Banker and the Ponte have to win the whole 
Stake are equal, with reſpect to the order 
of drawing, and conſequently ſhould be ex- 
reſsd by the ſame number; whence ariſcs 


this Scheme for determining the number of 


Chances which the Banker has for win- 
ning and loſing the Stake, and the num- 
ber of Chances for winning the half _ 
repreſented by > ET 


' ScurMe. 
"La * | Chances for ref, 


21 — 2 Chances for loſing 


5 


ry —#T Chances for gf, 5 
7 — 4 Chances for loſing Fs 


i 7 þ — for winning? 
7 — 6 Chances for loſing g 


I Chance for winning 1 


ST 


*%* 2 W Ki FO 
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3 


Fre, Number of Chances for 
gaining y 1 the nature of the Scheme, 
and 7 x — = . Sum of all the Chances. 


: Therefore —=_ is the 3 of the 


Banker's gaining 7. and "X , — the 


Banker's Gain upon y. 

Sccondly, The Banker has but 1 8 

more to win the Stake than to loſe ; the reſt 
for winning and loſing being equal deſtroy 


2 2 — 1 


each other. Therefore —— is the pro- 


r — — | A X — — 


1 getting it, * 


— is his Gain upon the Stake. 


1X11 


Therefore the Banker's Gain upon the 


; 2 n — 2 N +2 
r —.— 
AA ＋ 1 
| nN 3 if y= 


To illuſtrate this Caſe ry an KRnamptei in 


Figures, Let it be required to find the Gain 


of the Banker when there are 20 Cards 


remaining in the Stock, and the Ponte's 


Card twice in it. 


21 T1 101 


2 * 1 20 37185 — FF nearly. 


Anſwer, About the VO OY part af 


bis Stake, 


That 


| 
l 
; 
11 
N 
7 
7 
i 
. 
1 
0 
1 
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That nx * is the Sum of all the 
Chances, may be thus prov'd. Tis evi- 


dent by — of this Scheme, that 


they are equal to this Series 2 — 1, M22 * 
1 — 3, 1 — 4, &. And * 


1 —1I＋ u — 2 ＋½— 3, t. is a Series 
belonging to the preceding Problem, which 
expreſſes the Sum of the Probabilities of 
winning, which belong to the two Game- 
ſters, when the number of all the Cards is 
N, and the number of red ones two. It 


x2 — 1, 


therefore expreſſes likewiſe the Sum of 208 


Probabilities of winning which belong to 
the Ponte and Banker in the preſent Caſe, 
there being two of the Ponte's Cards in 
the Stock; but the Sum of theſe Probabili- 
ties of winning are equal to Unity, becauſe 
the Numerators of thoſe Fractions which 
expreſs their reſpective Probabilities of win- 
ning being added together, is equal to the 
common Denominator, and ſo equal to an 


Unit, conſequently | 
* * 1 — 1 i . &e. 


is equal to an Unit; wherefore putting 
Sn 71, n—2, 1 — 3, &c. we ſhall 


NE * =, _ therefore / n 


Solution. 
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Solution of the third CASE. 
By the preceding Problem, the number of 
Chances the Banker has for winning or loſing 
the Stake would be proportional to theſe 
Numbers „ 1 x — 2, 1 — 2 * — 3, 
&c. but that on account of the Doublets, 
the Banker's Chances for winning, as in the 
preceding Caſe, are divided into two parts: 


For inſtance, 2 —1x#—2 is divided into 


the parts 7 — 2 * — 3, and 2x 2— 2; 
the former of which 1s proportional to the 
Chances that both Banker and Ponte have 

to win the whole Stake the firſt pull, be- 


cauſe there is the ſame probability that the 


Ponte's Card ſhould be drawn the ſecond 
time and miſs'd the firſt, as drawn the firſt 
time and miſs'd the ſecond ; and the latter 
part, vig. 2 * 1 — 2 is proportional to the 
Chances for both firit and fecond Cards be- 
ing the Ponte's the firſt pull: and as 2 x2—2 
is eaſieſt found by ſubtracting 7 — 2 x 7 — 3 
from 2 —1x#u—2; ſo by ſubtracting. 
n1—4 xn— 5, the number of Chances that 
the Banker and Ponte each have, for winning 
the whole Stake the next pull from 7 — I 
Xx 1 — 4, there will remain 2 K — 4, the 
number of- Chances for the third and fourth 
Card being the Ponte's, and fo for the reſt : 
| whence is calily deduc'd the Method of 
| 0 forming 
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forming the following Scheme, which ſhews 


what Chances the Banker has for . 
and loſing. | 


SCHEME. 
7 1 — 21123 I 
I $ 122 3Þch for win. Þ 


z—2xn—3. Ch. for loſing 1 
* for win. = 


2 X 7} — 
n— 4 x8 — 5 Ch. for loſing. I 


1 5 70 for win. i; 


Ix — 6 
5 . Ch. for ave 5 


MD 


1 . 


Hence it appears, that there are no more 
Chances for winning the Stake than for loſing 
it; ſo all the Banker's Advantage in this 

caſe is upon the half Stake, which depends 
upon drawing of Doublets at one of the 

Pulls, and all the Chances he has for that 
may be found thus. | 
By the above Scheme, 2 * z— 2 is the 
firſt Term of the Series to win y, 4 is the 


common difference of the reſt of the Terms, 
and 4 the laſt Term; and ſo the Sum of 


all the Terms by the known Laws of Arith- . 


metical Progreſſion is — — -£ which di- 


vided 5 
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vide by the Sum of all the Chances = = 
ad ha No ? by the preceding Problem, 


„ 
gives „ 


5 for the probability of win- 


ning y; therefore TT | — * y is the Ban- 


Ker” s Gain , equal - ; » Tuppoiing Yk. 


EXAMPLE. 


8 The Banker's Gain when the Stock 
conliſts of 20 Cards, and the Ponte's Card 

_ thrice 1 „ 

5 

REL = a #39 | 
 Anſiver, About the eenty-bth f part of 


I his Stake, 


Solution of the fourth 8 


e 
1—2 X —3 * Hm 1 
1 * 131335 Ton. for win. + 
2 2—2 x —3 * Ch. for loſing I 


He or win f, 


4] —4 * 5 x + Ch. tor loſing I 


* 5 2 5 chase for winning 1 


2 * I x © Chance for loſing 1 


KS -* - _ hare 


5h 


— 
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Here alſo the Chances for winning and 
loſing the Stakes are equal, ſo that the 


Banker's Gain depends upon y, the half 5 


Stake. 
5 And the Chances to win y are 


3 2 1 2 XK 1 

Equal 5 ex ad 322 1 * 9 
(3 * 5 6 5 

a oa 

And to find the Sum of thoſe Products, 

VIZ. 2X1 + 4X3 + 6x5, &c. continued 

to any number of Terms, whoſe Factors 

are in Arithmetical Progreflion, vie muſt 
48 the en 8 | 


1. 


Subtract the ſecond Product from the 
third, and the third Product from the 
fourth, and call the Remainers firſt Diffe- 
rences; then ſubtract thoſe Differences from 
each other, and call the Remainer a ſecond 
Difference. See the following Scheme. 


Now if w call the ficſt Product a, 1 5 
ſecond 5, the firſt of the firſt Difference ” 


Ir ſecond Difference 4 and if the "her 
| ' 
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ber of Products which follow the firſt be 
called x, the Sum of all the SD will 


be equal to a + x x þ + = 


— — renner. 
* [| 


2+ FEE + x B+ 


Or 
2＋ 53% 5 oxx ＋ xxx, which mul- 

tiplied by 3, the common Multiplier to all 
the Terms, the Product 6 ＋ 17x + 1 5x* 
+ 4x3 will be the Sum of all the Chances 
for winning of y, whoſe component Parts, 

by Sir 1/aac Newton's Method of the Inven- 


tion of Diviſors, is readily found to be 


d _ 


2x +2, 2X + 4, an 5 Wherefore 


. is FL number of 


Chances for winning ofy. Now x =to the 
number of Terms to be added, bating 1, 


therefore make x + 1 == SZ, equal to the 
number of Terms, and then the the Chances 


for winning of y are 222: = But 


f according to the Scheme it appears, that 
the number of Terms to be 3 50 © equal 


to - wherefore writing — for p, 
and 


3 
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and the Chances for winning are equal to 
, which divided by the Sum 
of all the Chances, vis. 3 . — 3 
and the Quotient - 5 — is the proba- 


—1 X 
bility of winning ,, and fo = is 


the Gain of the Banker, or 32 5 
ſuppoſing 8 = ; 


EXAMPLE. 


Suppoſe the Stock to conſiſt of 20 Cards, 
bod the Ponte's Card four times in it; 
Query, The Banker's Gain? | 


Ev AY | | - - a>} 


27 — 1 3 2X 19*17 = TFT ITT 
nearly. 
Anfoer, 8. of his Stake accurately, or 


the * part of it nearly. 


Table of Pharaon, whereby the ſeveral Ad. 
vantages of the Banker, in whatever Cir- 
cumſtances he may happen to be, is ſeen {7 : 
flcienily near by inſpection, being calculated 
from the foregoing Theory. vs OT 


Ne of} The No of times the Ponte's' | 
Cards | Card is contain's in the Stock. | j 
in the — — F 
Stock. | I | 2 814 
[52 | **|*®|E=#] 5 | 
50 [** | 94 | 65 | 48 
"48 | 48 | 90 |'62 | 45 | 
'46 | 46 | 86] 60 | 44 | F 
42 | 4278156 [4] 
E 
. | 
. | 
e 
32 0 
39 | 39 [54 |3F | 28 
28 | 28 | 50 | 36 | 26 
26 | 26 | 46 | 33 | 24 
24 | 24 [42 | 30 | 22 | 
22 | 22 38 [28 2. 
20 | 20 "34 | 25 | 18" 
18 | 18 30 | 22 16 
16 | 16 | 2b 2014 
14 | 14 | 22 |i7 | 5 
Fee 
A "T0 mh ] 
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But if an abſolute degree of exactneſs = 


required, it will be eaſily obtain'd from the 
Rules and Examples given at the end of 


ceeach Caſe, However, to make all things as 


plain as poſſible, I ſhall, to illuſtrate the Uſe 
of this Table, give an Example as 


EXAMPLE I. 


Let it be required to find the Gain 4 the 
Banker when there are 30 Cards remaining 
in the Stock, and the Ponte's Card twice 

in it. 
In the firſt Column — for the Num- 
ber anſwering to the number of Cards re- 
maining in the Stock: over-againſt it, and 
under number 2, which is at the head of 
the Table, you will find 54, which ſhews 
that the Banker's Gain 1s the fifty-fourth 
part of his Stake. | 


EXT AMI E 2. 5 
Let it be required to find the Gain of the 
| Banker when there are but 10 Cards re- 
_ maining in the Stock, and the Ponte's Card 
thrice in It, 

Againſt 10, the number of Cards in the 
firſt Column, and under number 3, you 
will find 12, which denotes that the Ban- 
ker's Gain in this Circumſtance is me twelfth 


| * of his Stake. 


| CoroL- 
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CoROLLARY I. From the Conſtruc- 


tion. of the Table it 5 that the fewer 
Cards there are in the the greater is 
the Gain of the Banker. 


. 3 2. The leaſt Gain of the PE, 
ker under the ſame circumſtance of Cards 
remaining in the Stock, is, when the Ponte's 


Card is but twice in it, the next greater 


when threes times, fill greater when but 
once, and the greateſt of all when four 


= 


Cc — —— — —p—— 
. 4 1 - 


wee 


8 * wr 1 1 
0 LO Fo , \ | % * \ 2 
ö d / \ \ s \ \ * © 
; * - p F \\ \ i —_ 
=Y. —A | | 2 * 2 ee 
—_ — 2 2 - * We, — . — — 


: Of the Acz of Heanrs, or Fain 


Cuancs. | 


f T* H 8 Game is deny nad in vogue, 


as well as that of Pharaon ; there- 
fore it may not be improper here to touch 


a little upon the Advantage or Gain that 


accrues to the Banker or Taliere at this, as 


well as of that. 
The manner of playing at it is as 1 : 


There is a Table, on which is painted a 


ſelect number of Cards, generally 31 or 25, 


or between thoſe Numbers, limited at the 


fancy of the Perſon who banks the Table; 
the Player ſtakes upon either of ſuch Cards 
more or leſs, at his pleaſure. On the Table 
is fixed an Engine, called a Worm, into 
which is put an Ivory Ball, which runs 
round till it drops or falls into a Socket 
contiguous to one of thoſe Cards; and if 


1 happens to be the Card on which the 
Player has ſtaked, he faves his Stake, and 


15 intitle to 28 or 23 times as much more, 
according to the number of Cards painted 


on the Table, and the cuſtom of t the Place 


Where 
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where the Table is kept. From which De- 


ſcription of the Game, the following Pro- 


blem naturally ariſes. 


PR OB. III. 


The number of Cards upon ſuch a Table, and | 


rhe number of Stakes the Banker pays in 
caſe be hiſos, being given; to find the Gain 
of the Banker or ay Sum n. as 
a Stake. 


Rur xk. 


RO M the number of Chances or Cards 
the Table conſiſts of, ſubtract the num- 


| ber of Stakes more by one than the Banker 


pays when he loſes, and multiply the Re- 
mainer by the alas: of the Stake, and di- 


vide the Product by the number of all tbe 
Chances or Cards upon the Table, and the 


Quotient will be the Banker's Gain upon 


that Stake, and of the ſame Denomination 


with it; conſequently upon two Cards he 


will hams twice that Advantage, upon three _ 


Cards thaice, Sc. e the Stakes equal. 


e Ex AM. 1. 
Suppoſe a Table conſiſts of 31 Cards, 


and that the Banker pays 28 Stakes when 
be loſes; Query, His Advantage upon a 


Stake of 100 /? 
| - L2 4 33 
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31 The Ns * all OLE * 
5 The Ne of Stakes Paid more 
— by one. 
2 Difference. 


Multiply by 100 the ne: 


3 1)200 (6 J. 
1 


— 
1 
20 


31) 280 (9 5. | 
279. 

| nfoer, 6. 95. Tr | 
But this Rule is capable of determining 
the Gain of the Banker when unequal, as 

well as equal Stakes are ſet upon two or 


more different Cards, it being only to be 
+ confidered as ſo many diſtinct * 


Ex AM. 2. 


| i Suppoſe A, B, C play, and take 8 
them 100 J. vis. i ; B 3o, C20; Query, 
The Advantage of the Banker? 


—- , 
3 l 


en FAR CHAN CB. 77 
: 5 27 5 e . « es 3 s 


1*, 31-29 22 Diff 20 2 Difference. 
„ eri f 30 mon 


Ah; (3, eee 
ao 371) 580 (185. 

| 3 1) 140(4.5. 270 5 bo 

Eon Tn rn IRE ©, 


— mth” 2 - 


3, 2aDit- _ © 250% up 
a = 
1) 40 (1 Hence the CA 3,0427 
0 ' 31 ( Banker's B 15 1.1975 
9 GainuponEC9 C, o 
8 8 


31) 180 (55. 1 Total Gain 6,094; 
. 


The ſame as before; whence it follows, 


OR ———_— —— —  — — 


dilſhat let the Money be ſtak' d how you will, 


that is, upon as many Cards in what ſhape 
ſoever you pleaſe, the Banker's Gain will 
be after the rate of 61. ger per Cent. upon 
all the Money ſtak'd. 8 hh 
eee . But 
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But for the ſake of a farther Illuſtration, 
let us ſuppoſe a Perſon to ſtake One Pound 
Sterling upon each Card, to the number of 
31, vz2. all the Cards upon the Table; in 
ſuch inſtance, tis plain, he's ſure of win- 
ning, or to receive 28 J. for one of the 
Cards, and fave the Stake of that Card 
which wins; but then 'tis alſo evident upon 
the whole, that he muſt be a loſer two 
Pounds, fince he wins only 28, and loſes 30. 
Wherefore by the Rule of Proportion it 


follows, that if in ſtaking 31 Pounds he 


loſes 2, in ſtaking 100 Pounds he will loſe 
61, r, which conſequently is the Banker's 
Gain. See the Operation. NE 


"FS; a 
: 2 :: 100: 6. 9 fr 
809 d = 
3 )200 (61. 
186 
2 
357 )280 (95. 
12 


2, 


5 Wherefore 
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| Wherefore the Advantage per Cent. is ſo 
plain, that *tis needleſs to dwell any longer 
upon it: However, it may not be amiſs to 


obſerve, that tis an equal Wager that an 


one Card will win once in 21 times, notwith- 
ſtanding the number of all the Chances are 
31; which Event is diſcover'd in this or any 
other Tm be 2 this en 


4 4 1 
1 + 


= 


I ot * RLE. oy MR: | 
e the number of all the Cards upon 
the Table, deduct one, and multiply the 
Remainer by ſeven tenths, and the Product 
is the Anfwers” So in this Caſe, | 


1 by i FY 


21, 


And the Product 23 21 ag the number of 
Trials requiſite for any one Card to win 
vpgn an equality of RAGS. 


of 
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| © 8 SA 9 
S. 


2 N 
EF '& | 


erte, 


N this 3 I ſhall 8 the Solution 

of ſeveral Problems relating to Lotteries, 
which may be of uſe to prevent ſome mil. 
takes that People, not vers d in ſuch Com- 
putations, frequently run into. For in- 
ſtance, in the preſent Lottery for the Vear 
1737, where the proportion of Blanks to 
the Prizes is as 9 to 1, tis natural enough 
to conclude, that g Tickets are requiſite for 
the chance of a Prize ; and yet from mathe- 
matical Principles tis evident, that 7 Tickets 
are more than ſufficient for that 3 
that is, in 7 Tickets it is more likely to 
have 'a Prize than not: for this, and all 
other Caſes of this nature, we ſhall give 
the Arithmetical Solution of the following 
Problem. | 
PR O B. IV. 


To ud how many Tickets muſt be 8 70 
make it as probable that one or more Prizes 


may be talen as not. 


RvuLE. 
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Multiply the number of Blanks there 
are to one Prize by ſeven tenths, and the 
: Product is the Anſwer. 9 N 


| EXAMPLE. 
Au!uery, The number of Tickets quia 
in a Lottery, whereof the number of Blanks 
is to the number of Prizes as 9 to 1, to 
make it an equal Chance for one or mop 
Prizes, = | 
* 
6,3 6,3 


we The product 6 2 1 there is 
more than an equality of Chance in 7 
Tickets, but ſomething leſs than an OE 
in 6. 
FAKT R 2. 

Query. The number of Tickets requiſite 
in a Lottery, whereof the number of Blanks 
is to the number of Prizes as 5 to 1, to 
make it an equal Chance for one or more 
Prizes. 

8 
= 
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Anſwer, The number of Tickets requi- 
ſite to ane effect is between 3 and 4. 


1 . 


To find how many Tigkets muſt be talen, ts 
male it as probable that two or more Prizes 
n be taken as not. 


. 


Mult py 1,678 always by the number of 
Blanks there are to a Prize, and the Product 
will be the Antwer, 


EXAMPLE. 


How many Tickets muſt be had in a 
Lottery, to make it as probable that two or 
more Prizes will be taken as not, when 5 
there are 9 Blanks to a Prize 3 


1 6678 


Anſwer, More than 15 Tickets, or rather 
more than 16, as ſhall be prov'd farther on, 
tho' one might undertake upon an equality 
of Chance to have one at leaſt in 7 Tickets. 
The Numbers o, 8 678 made uſe 
of to ſolve this and the hs Problem, 
is the reſult of determining the Limits of x 


in theſe FR vg. 4 + * == == 29 and | - 


Of LotTTEzrRIEs 83 
| and a + b* = 2b* + 2axbx—1, where 4 


and 6 repreſent the number of Chances re- 
ſpectively for the happening and failing of 


an Event at any one trial. 


Tis not my deſign to give a Solution to | 

both theſe Equations; but being determin'd 

to find the Value of x in one of them, I 

ſhall undertake the laſt, as apprehendin 

it will be molt acceptable, eſpecially to chols 

Who are not very ready in er, exponen- 
tial Equations. 


a APY = 265 + 2axhr—r, : becomes 


* 


75 ae, by dividing both 
__ of the Equation by *. Make a: b :: 
1:9, and the any Tac by ſubſtitution 


becomes 1 * e wg in which, 1 


' q be ſuppoſed equal to 1, x will be found 
; equal. to 3; but if g be ſuppoſed infinite, 


and = = E, x will be infinite alſo, and 


we ſhall bare 1 


Again, the red Log. of 1 + 7 


multiplied by 29 is equal to the ore 5 
Log. of 2 + the Hyperbolic Log. of 1 ＋ 2. 


But the Hyperbolic Log. of 1 + => multi- 


plied by 9 = 1, therefore 8 = Hyperbolic 
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Log. of 2 + the Hyperbolic Log. of 1 ＋2. 


From which laſt Equation æ may be found, 


for 2 —log. 1 + 2 == log. 2 = ,693147 
==; but the born an of 1 . 


3 ES, 23 
= 23 24 s 


| reverſing the Series „ ps 27 += - + 


g 7:5 un 
162 — 2 &c. == 125777, equal to 


1,678 nearly. 
Hence the Value of x in all Caſes will 
be between 39 and 1 = 3 3 io converges 
prey ſoon to the laſt of thoſe Limits, and 
o the number 1,678, when x is not too 
ſmall, gives the Anſwer ſufficiently exact; 
as in the following Example, where the 


Odds of the Event's 3 is . 
. in the former. 


j 
9 


ExAMrt x 5 
Let it be required to find in how many 


Throws, one may undertake upon an equa- 
lity of Chance, to _ three Aces twice, 


with three Dice * 


| SOLU TION. 
Out of the 216 Chances upon three Dice, 


. = hp is but 1 Chance for three Aces, "ad 
215 2 it; * mukiplying the 


„ ” ”— 0 


above | 
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above Number' 1,678 by 215, and the-Pro- 
duct 360,77 ſhows, that 360 Throws, or 
very near it, are e to produce the | 
required effect. 5 

But when & is ſmall, as in the preceding 
Example, it needs a correction ; for inſtea 
of 15,102 Tickets, it ſhould be 16 443: 

vhic b Cotrattion is is eaſily had by the Rule of 
double falſe Poſition. For being aſſur'd that 
x is found ſomething too little, I therefore 
aſſume it equal to 10, and Erne it in 


the Equation 1 + © he '2 + = * and find 


the left-hand fide thereof leſs than the right 
by o, 1589; wherefore I increaſe the value 
of x four tenths more, viz. to 16,4, and 
| ſubſtitute it in the Equation as before, and 
ſtill find the left-hand fide too little by 
0,1553 then I multiply croſs- ways, and 
proceed in the reſt of the Operation accor- 
ding to the nature of the Rule, and find 
San 16,44% 
However, we are not deſtitute of a Me- 


: thod whereby the true value of z, and con- 
ſequently that of x may be found directly, 


s 


by the help of an infinite Series, VR. = 


e . 
* 1875 ＋ F Kc. 


r Log. of I + == = My MG == 
5 =", _the ſanding Quantity 1,791759 


For Putting the 
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==, and 2mg — n==s. The firſt Term 
of the Series, v2. — ſubtracted from 2, 
will give the value of z in this caſe, true 
to two places of Decimals, v:2. 1,83, whence 
1,83 x 9 = 16,47 is the value of x, or 
true number of Tickets very near; for three 
Terms of the Series make x = 16, 44300. 
And if x be ſmaller ſtill, but ſo as not to 
have the number of Blanks to a Prize leſs 
than 4, 1473 (which ſeldom or never hap- 
pens in Lotteries) more places of Decimals 
will turn out true ; in ſhort, the above Series 
will determine the Value of 2 all Caſes, when 
q is between 4,1473, and any other num- 
ber how great ſoever. „„ 
Though, as it has been obſerv'd before, 

when 9 is any thing large, 1,6789 gives 
x ſufficiently near; for two Terms of this 
Series, in the caſe of throwing three Aces 
twice with three Dice, make z = 1,686, 
and conſequently x == 1,686 x 215 —= 
362,49, which is not two throws more 
than by the former Computation. = 

Note, The Solution of this Equation, vis. 
a+b D 26 + 2xabr— I LX XX — 1 
x a*þx—2 will give the value of x, in the 
Caſe of a triple Event ; and the Solution of 


& 


this, viz. a + b=26* + 2xab*—1 ＋ x 
| Xx x4. b — X — * — bxr—3 ” 
= will 


3 ; 
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will give ** value of x in the Caſe of a 

quadruple Event. Here follows a Table of 
the Limits of x from one to fix Events in- 
cluſive. 


: The Value of x will always be, 
ſ ſingle I 8 C 17 | (, 6937 


double 8 37 1,6789 
T7... triple 24 57 2,675 
W quadruple 1 771 and 3.6729 8 
quintuple 8 97 4.670% 
Lſextuple 2 1117 | 5,668q 
Pros, VI. 


| The Number of Tickets a Perſon has in a 


Lottery being given, to find the Odds againſt 
him whether they all prove Prizes. f 


Ru Lx. 


To the number of Blanks to a Prize 
x, and make the Sum the Denominator of 


a2 Fraction whoſe Numerator is Unity ; 


then multiply this Fraction continually into 
itſelf as often as the Perſon has Tickets in 
the Lottery, bating one, and from the laſt 


PFraction thus produc'd, if Unity be taken 


from its Denominator, the Remainer will 


- ſhew how many to 1 it is, that they all | 
prove Prizes, | 


1 


% 
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F 


ppoſe I have three Tickets in the Lot- 

Rs 2 this Year 1737, where there are g 

Blanks to a Prize ; how many is it to one 
but that they are all Prizes ?. | 
29 + 1 = == 10 the Denominator, 

TT X T * TT = T7555: 
Anfoer, 999 to 1. 
N. B. This Rule is only © to 


Lotteries, or in Schemes where there are a 
great aumber of Blanks and Prizes. 


1 Ro. B. VII. 
Having the Number of Tickets, and the Num- 
ber and Amount of all the Prizes undraum 
at any time given, to find the Value of a 
8855 for - number of Ts 5 


Rol x. 
Multiply the number of Prizes by the 


Price of an undrawn Ticket, and ſubtract 
the Product from the Amount of all the 
Prizes, and multiply the Remainer by the 

number of Days the Horſe is hired for, and 

reſerve the Product for a Dividend; then 
multiply the number of undrawn Tickets 
by the number of Days required to draw 
them in, and with the Product divide the 
aforeſaid Dividend, and the Quotient will 


= the Value of the Horſe. | L 
EXAMPLE, 


e 


oi OT TERIES: , 89 
V0 Wt elt * | 
Let 11 bs Re to find the Value = a 

'Horſe for the firſt Day's drawing, i in the 

preſent Lottery, where there are 70000 

Tickets at 10 l. each, number of the Prizes 

7000, N to 226000 J. excluſive of 

the two Prizes for the firſt and laſt Num- 

bers drawn, viz. 500 and 1000 J. and let 
us ſuppoſe that the whole t time of Drawing 
will be 40 Days. _ TY | 

The Ne of Prizes , — = 7000 

Price of an undrawn Ticket — 10 


* 


| * 22800 | 
The No of undrawu Tickets : 8 77 1 
The whole time of drawing — 1 | 
| "2000000; q 
The Aach br al the Prise deduc- bh [ 
ting 11 Per Cent. is 194360 „ 
1 5 194360 1 | ad! 8 Sin 
5 2000 ? noi, \ 005 
| 2800000) 118088 Ad * 
. ee 40 5 
MY 1 7 8. | 5880 — 0 
12360000 12 
11200000 7 " 
. —— oem d. 10, 50 
3 (| aa; 
Fa, 40 ; 


Ay, to d. 4 9 


= Of Leorrzsizs, 


"Thoſe that do not chuſe to Sivide deci- 
mally, may, if they pleaſe, multiply the 
aforeſaid Dividend by 960 before they di- 
vide, and the Quotient | wal, be * en | 
in 'F arthings ; eg. 


— * 


| 8 £ N 5 124360 1 41 N 5 ? ; 
1 | * ; ? „ * . E 
A a f DAM 
1 . B 89 3 1 , ; « # # 
: Cy : S , Py 
: H 7557666 ITY O13 fi 
£4 10801 111 FF 
4 * e BLOG GU 
$7 it . 112 — * 1 
. * 
= r 
. co 8 


Which wet would, be the real Value 
of. the Herſe; but as it's on the firſt Day's | 
Drawing, there is a probability of its being 
the firſt drawn, in, conſequence of which 
the Owner is intitled to a Prize of oo this 
Expectation is worthabout three Half Pence 

more, vig. the 70,000 part of the Value of 
500 J when as 14 per Cent. is: taken off, 
which being added to the Value before 

found, makes 1 Shilling, the mathematical 
W of a 122 for the fſt Day's 5 drawing. 


we Oe — — 


A MPL E 2. 


* Maenit that 12 Days before the end of 
the * thore are 8 in the W 
0 


* 


| = 
of Loroenres 3 
of Fortune 20544 Tickets, of which 2 100 
are Prizes, amounting in all to 71400 . 


Query, The Value of a Horſe for two Days, 
the Price of an undrawn Ticket at that 


time being worth 11 Pounds. | 
The Amount of all the Prizes, deduc- | 
ting 14 per Cent. is 61404 Pounds. 


The Number of Prize 2109 

The Price of an undrawn Ticket 11 
210 

7 23100 

The Number of undrawn Tickets 20 544 

Number of vos to draw them in 12 

9 


246528 
61494 3 13m 
$3100” LS i 
3830s 2:43 
| 246528)76608,000 0 310 
| 739584 a0! 
— J. 6,200 
264960 12 
wn ni Bo 2,400 
— — 4 


ee 184320 85880 n 
alem, be. 735 7. K Fix” Cal 
5 Ns a 
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Note, In theſe Calculations tis ſuppaſed, 
(as is cuſtomary) that if the Horſe prove 
a Prize during your 10 ockeyſhip, that 14 
or an undrawn Ticket be reſtor d to the 
Perſon who let it. | 
It js alſo very plain that this Rule will 


| ferve to value the Chance of a Ticket du- ; 


ring the whole Lottery, aſſume the number 
ot Days it will take in drawing what ycu 
pleaſe; wherejore to render the Operation 
eaſy, wppoſe 1 Day. And altho' I have 


_ made a deduction of 14 per Cent. upon the 


Amount of all the Prizes in the two pre- 
ceding Examples, and at the fame. time 
allow the Calculation to be agreeable to the 
Rules of Art and Science, as being founded 
on the ſtrict ſt Demonſtration; yet in the 
preſent Caſe, I fay, the Deduction is not 
 _ quite reatonab! e between Buyer and Seller, 
and conſequently none ſhould be made in 
finding the value of a Chance for the whole 
time: For how can it be expected that any 
one will give up his right in a Ticket if it 
proves a Prize, and ſtand to the loſs of a 
Guinea extraordinary if it proves a Blank, 
viz, the Diſcoypt upon 7E 105. at the rate 
of 14 Per Cent. without a valuable conſide- 
ration, which is that of taking Chances, 
valued according to the full Amount of the 
8 rac and the Price the Tickets bore when 


ey were firſt a vg. 10 % each. 
This 


This Method of proceeding will put both 


Parties upon an equal footing, than which; 


I think nothing can be more fair and equi: 


table... 


_ Hence I make the Chance | of a Ticket : 


for the whole time of drawing to be worth 
'21. 45. 6d. 5, which, with 2 d. + for the 
xpectation of its being either the firſt or 
ſt drawn, makes 2/. 4s. 9d. ; but if 
the Chance happens to prove a Prize, 10 J. 
more, or the Price of an undrawn Ticket 
muſt be adyanc'd. —However, the Market- 
Price determines what muſt be given after 
all; wherefore if a Chance ſhould fell for 


more than what this Calculation makes, it 


is not to be wonder'd at, fince ſome con- 
fideration ought to be made for the riſque 
that the Dealers in Tickets run in having 

them ſold under par, and for ſome con- 
tingent Expences they are unavoidably at, 


in turniſhing thoſe with Chances and Tickets 


who are willing to be in Fortune's Way. 


But as in all Lotteries Succeſs is preca- 


rious, we being kept in ſuſpence till the 


Event makes known either our good or 


bad Fortune, ſo from ſuch ſtate of Uncer- 
tainty it follows, that before the Drawing 
ig finiſh'd a Ticket may be ſold for more 
qr leſs than at preſent ; I ſhall therefore, 
before I conciude this Subject, ſhew how 


its real worth may be known in any cir- 


2 cdiumſtance 


- — —— ͤ—— TOY 1 > 
* . — N — — — —— — —ů—— n anatomy} a por wie * a 
— - 8 7 : AS ed tens 8 3 1 <a 4 rg — ND TRIER n 1 * 
. — er — — r 2 _ MT r RE 
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cumſtance of the Lottery, by which means 
the value of a-Chance may be very accu- 
rately' determin'd at the ſame time, e. g. 

Multiply the Number of Blanks remain- 
ing in the Lottery at any time of its draw- 
ing, by the Price of a Blank, which is al- 
ways fix d, and to the Product add the 
Amount of all the Prizes remaining, the 
laſt drawn included; this Sum divided by 
the Number of all the Fickets, viz. Blanks 
and Prizes, will give the value off an undrawn 
Ticket, which being known, the Value of 
a Chance for the time, during the remaining 
part of the Lottery, eaſily flows from the 
afore-men tioned Rule. 


1 mal conclude this ſmall Tract by ma- 
kinks fome Remarks relating to Hazard and 
Backgammon; the truth of all which is 
N deduc d Ban 91 preceding 2 42 
| mane”: 


Of HazkkD 


* F : ' g 
a 4 he. $ . - Y 

1 2 3 1 14 4 E af *- 
. PY oy 
4 » * 7 * 
11141 1444 

r * 
* * en 4 ww — 
. 2 . | 4:4 
0 & 4 . 


wb OY 


” 3 5 Gad Maio and 4 Chants, Te = 
may lay 155 to 169, or 11 to 12, 5 
* either one or the W is thrown off 


in two Throws: | 


2. And if ; and 7, or ꝙ and y are Main 
and Chanes, the probability of their being 
thrown off in two T hrows is alfo' 28 7 5 Y 
to 169, or as 11 to 12. EA. 

3. If 5 and'8, or ꝙ and 8, or 53 arid 6. 
orig and 6 are 1 is and Chance, the TI | 
bability of throwing one of them off in two”, 
Throws. is as 7 to N exatly. ns 
A4. And if 7 05 4, or 7 and 10 ans | 

Main and Chance, the probability of their 
being thrown off i in two Throws is alſo as... 
77 | 
If 7 —_ 8, or r7 A 6 are Maid and 
Chance, one may lay 67x to 6255 5, Of 15 
to; 14- that. one of them is thrown off in 
two Throws, ſo he that lays an even Wager 
| he will” throw one of them off in wo, 
Throws has I of T 1 
| 6. 


* 3 
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6. But if 5 and 4, or 5 and 10, or 9 
and 4, or 9 and 10 are Main and Chance 


he that undertakes to throw either Main or 


Chance in three Throws has the worlt of 
the Lay; for it is as 22267 to 24389, or 
in ſmaller Terms, as 21. to 23 exceeding 
near; the Rativ bf 21 to 23 Gering front 
that of 22267 to 24389 Res but by the 
ten thouſandth part of an Unit. 
Wore alfo, that 11 and. 12 expreſs the 
Ratio of 15 7% to 169 the neareſt poſſible in 
ſuch ſmall 
671 to 625, and are eaſily diſcover'd by 
the Rule exhibited in my Appendix to 
Dr. Keils Euclid. - | 
5, Suppoſe IV to be a Main, and the 
Law of the Hazard to be this ; That if the 
Caſter throws either II, III, IV; XI, or 
XII the firſt Throw, he ſhall loſe the win 
Stake, and if he throws V, VI, VII, VIII. 
IX, or X, either of which, as it may hap- 
pen, ſhall be deem'd a Chance againſt IV, 
ſo which ever comes up firſt wins; Query, 
The Hazard of the Caſter to that of the 
Setter ? 
Anſwer, The Han of the Caſter. i is to 
that of the Setter as 457 to 551, or as 5 


erms, as does 15 to 14 that of 


to 6 very near; wherefore the Gain of the | 


Seiſer each Stake being a Guinea, will be 
wer equal to 18. AG + exactly. ＋ 


g. 


e 


Of „ ©. 
* And at Hazard, if the Main be 


and each ſtake a Guinea, the Gain of 


Setter is about 3 d. 2 
If the Main bh 6 or 8, the Gain of- 


the Setter i is about Six-pence in a Guinea. 


10. But if the Main be 5.0% the Gain 
of the Setter is about 3 d. 4 in a Guinea; 


whence it follows, that 5, 7 and 9g are 
much upon a par to ſet on, and that 6 and 
8 are ſomething more advantageous. 


11. However, if a Perſon is determin'd 

to ſet upon the firſt Main that is thrown, 
his Advantage, ſuppoſing each Stake to be 
a Guinea, is the 32+ of a Guinea, which 


| when reduc'd will be found equal to 4d. 2, 
and half a Farthing exactly. 


12. Hence the probability of a Main, to 


a probability of no Main ; or, to ſpeak 
in the gaming Phraſe, a Main or no Main, 


is as 2016 — 37 to2016 +37 3 that is, 
as 1979 to 2053 accurately, or as 27 to 


28 very near; for if one ſtakes 27 Guineas, 
the other ought not to ſtake quite 2 C. 


more than 28 Guineas, which is a ſmall dif- A 
ference from the truth i in ſuch large Stakes 
as 27 and 28 Guineas. | 

13. If, with two Dice, one ſhould under- 


take to en firſt the two Aces, next the two 
Duces, next the two Threes, next the two 


Fours, next the two Fives, and laſtly the 
two Sixes, the Odds againſt him would be 
I ES, | og be two 
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two thouſand, one hundred, and ſeventy- . 
fx Millions, ſeven hundred, eighty-two 


thouſand, three hundred, 20d thirty-five 
to one; and tho' this might poſſibly hap- 
pen the firſt fix throws, yet the Odds are 


to immenſely great againſt it, that it wonld 


probably require whole Ages to perform 


it in: yet notwithſtanding all this difficulty 


in throwing firſt the two Aces, next the 


two Duces, Ec. they may with an equa- 
lity of Chance be undertaken to be thrown 
in leſs than a quarter of an Hour, in the 


-Þ following manner, v/z. to throw away till 


the two Aces come up, then till the two 


Duces, then till the two Threes, and fo on 


till the two Sixes are thrown; but to throw 
them ſucceſſively is what, never yet, is ra- 


tional to ſuppoſe, has been done by any one. 
14. If any one ſhould undertake to throw 
a Six or an Ace with two Dice in one 


throw, he ought to lay * Bhs 4, whereas 


tis uſual to lay an even Wager only; in 
which circumſtance the Caſter has ſo much 
the better of the lay, as in the long run to 
impoveriſh the beſt Eſtates, not to ſay ruin 
them, Tho' at firſt fight it muſt appear 
to an Eye not vers'd in theſe Speculations, 


a little odd, that the Setter ſhould not have : 


the beſt of it, ſince there are but two Sixes, 
a two Aces for the Caſter, and two Fives. 
two Fours, two Threes, and two Duces, 


of 


. 


| Of BacxGAauMen,” a9: 
for the Setter, And were the Points of 


both Dice all made upon a regular Solid or 


Body of 12 equal Faces, ſuch as the Dode- 
caedron, the Caſter would undoubtedly have. 
the advantage ; for then he would have twa. 
to one of the lay, in as much as he would 
have 8 Chances for winning, and but 4 for 
loſing: But as there are two Dice, it muſt 
be conſidered as the happening of two 
Events, independent of each other, which 
makes the Odds, as 1 ſaid before, juſt 5 to 


4. 


ConoLtL ART, 

Hence it follows, that at Backgammon 
if two Points are open, tis 5 to 4 but that 
a Perſon enters the firſt throw; and as this 
Thought naturally leads me to give a Solu- 
tion of the reſt of the Hazards, it 2 
haps be acceptable if I ſhew the Odds o 
tring when other Points of the Table : are 
open, and therefore ſhall give the following 


| Scheme for that purpoſe, . 


5 © ScnnMB. | 
Points open | 2 Perſon may lay 
Ter Tas} 


17 

5 . 

"4 Thi 1 > that one enters. 
53 
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too Of Bicktbuainion, 

And I don't doubt, but the Knowledge 
of theſe Odds may enable one to play to | 
Game in other reſpects with great advan- 
tage ; tho for my part I own with regard 
to practice, that J have but very little fkill 
in this, or any other Game whatſoever. 
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